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-nTTRODUCTION 
Prokaryotic deoxJTibonucleases have been intensely studied with 
regard both to the in vitro manipulation of DNA segments and to their 
involvement in recombination, repair, and in restriction processes 
in vivo. It has also become apparent that deoxyribonucleases are present 
within higher eukaryotes as well. Questions concerning the fQnction 
and distribution of these nucleases are especially relevant now that 
it is apparent that intracellular nucleases have significance in pro-
cesses other than digestion. Studies on nucleases and their roles Ln 
developmental processes should increase our understanding of how DNA is 
processed, degraded, and redistributed within cellular organelles and 
tissues. This knowledge, in turn, will suggest answers to a wide variety 
of physiological, developmental, and evolutionary questions. 
One of the most interesting model systems for an analysis of 
deoxyribonucleases is holometabolous insect development, during which 
cellular growth, differentiation, and histolysis often occur separately 
within different tissues and at different times. Drosophi~a ~elanogas-
ter is the insect of choice because of the ease with Hhich it can be 
manipulated genetically. Furthermore a considerable amount of informa-
tion is available on its development and physiology as evidenced in the 
recent multivolume treatise, Genetics and Biolo~ of Drosophila, edited 
by M. Ashburner and T. R. F. Wright. 
This study consists of a genetic and developmental analysis of a 
major soluble acid deoxYTibonuclease which is present throughout the 
life cycle of Drosophila melanogaster. The first chapter consists of 
a genetic and cytogenetic localization of the structural gene, DNase-i. 
The production and preliminary characterization of null alleles at the 
1 
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locus is also treated in Chapter One. The second chapter contains an 
analysis of the subcellular localization of the DNase-i gene product 
in embryonic tissues. Particular features of its subcellular distribu-
tion are discussed in this chapter. The third chapter presents a 
preliminary developmental analysis of DNase-i, in which a wild tyPe 
stock and several null activity mutants are utilized. An appendix 
containing a regimen for the partial purification of the gene product 
is also included. 
Chapter 1 
> 
A GENETIC LOCALIZATION AJ.'fD PRODUCTION OF "NULL" ALLELES 
OF THE STRUCTURAL GENE FOR THE :fiLAJOR SOLUBLE ACID DEOXY-
RIBONUCLEASE OF DROSOPHILA MELANOGASTER. 
J 
..... 
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Introduction 
Deoxyribonucleases have been studied in a number of different 
organisms with regard to both their biological function and their use-
fulness in the in vitro dissection of DNA sequences. These studies on 
deoxyribonucleases (DNases) began LD mammalian systems and resulted in 
the discovery and crystalization of bovine pancreatic DNase (Kunitz, 
1950; Matsuda and Ogoshi, 1966). Also, a DNase activity with a pH 
optimum of 4.5 was identified in splenic tissue (Catchside and Holmes, 
1947). This latter enzyme was first referred to as acid DNase and 
later, DNase II (E.C. 3.1.4.6.) (CUY1..ningham and Laskowski, 1953). 
Both the acidic pH optimQm and hydrolytic action of DNase II 
suggest a lysosomal location within the cell. From studies of the 
distributions of numerous diagnostic lysosomal enzymes within rat 
liver cell homogenates, DeDuve et al. (1959) concluded that acid DNase 
is also a lysosomal enzyme. Miesel and Friedlander (1975) have shown 
at the lutrastructural level that DNase of the testicular cells of the 
moth, E~hestia cautella catalyzes a reaction which results in tre 
preferential deposition of its product LD the lysosomes of the testi-
cular cells. In addition, the -~Tide tissue distribution of acid DNase 
(see Cordonnier and Bernardi, 1968), suggests a rather general cellular 
function for the enzyme as, for example, degradation of foreign DNA 
within primary lysosomes (Bernardi, 1971). 
Virtually nothing is known about the genetic control of acid DNase 
in those higher eukaryotes in which the enzyme has been well character-
ized biochemically. A genetic analysis of acid DNase is more feasible 
in an organism such as Droso~hila melanogaster, vrhere a nQmber of gene-
enZjllle systems have been identified (MacIntyre and O'Brien, 1976) . 
5 
A genetic analysis of DNase in Drosophila should also be rather straight-
forvard since an efficient means for the electrophoretic separation and 
visualization of DNase activities in polyacrylamide gels has been 
developed (Boyd and Mitchell, 1965). In addition, Boyd (1969) has 
surveyed the major DNase activities present in Drosophila melanogaster 
at various times during development. This study included an analysis 
of substrate and cation requirements of the electrophoretically separable 
DNases. A minimum of seven distinct DNase activities were obse~led, 
of which at least two have optimal activities at low pH and exhibit the 
apparent EDTA activation pattern typical of most acid DNases. An 
analysis of DNase activities LD dissected organs of Drosophila hydei 
at metamorphosis (Boyd and Boyd, 1970) suggests that DNases active at 
high pH display tissue specific distributions while the acid DNases 
are found in a variety of tissues. This suggests that these latter 
enzymes have a more generalized cellular function or functions. 
This study presents a genetic analysis of the major, soluble, 
acid DNase in Drosophila melano~a~, LD which the locus for this 
enzyme is mapped and cytogenetically localized using naturally occurring 
electrophoretic variants. In addition, a series of eight null alleles 
and one low activity mutant of the DNase-1 locus has been produced 
using EMS mutagenesis. This chapter describes the production and the 
isolation of those mutants. 
Materials and Methods 
Enzyme Assay. 
Enzyme assays were performed at J7°C in 1.5 ml of a reaction mixtlITe 
containing 0.5 ml of substrate (1 mg/ml highly poly~erized salmon sperm 
tnz 
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DNA (Sigma Chem. Co.), 3.8 mg/ml Na2 EDTA) and 1.0 ml of 0.1 M citrate 
phosphate buffer (pH 5.0). For assay of crude extracts, flies of a 
given genotype were homogenized in a glass tissue grinder (VWR Scien-
tific) in distilled vfater (100 mg of flies, wet weight, per ml). The 
homogenate Vias then decolorized lv-ith Norit (20 mg/ml) , and centrifuged 
for 10 minutes on an IEC clinical centrifuge (Model ME). For assays of 
embryos, 150 mg of embryos, wet weight, per ml were homogenized, and 
the Norit treatment was omitted. 0.05 ml of the supernatant was added 
to each assay tube. The reaction 1~S stopped after 60 minutes by 
immersing the tubes in an ice water bath and adding 2 ml of cold 10% 
perchloric acid. After 20 minutes, tubes lv-ere centrifuged fer 15 min-
utes at 2,600 rpm on a Sorval GLC-1 centrifuge. Optical density of 
the supernatant was measured at 260 nm. Protein was determined by the 
method of Lowry (1951), using BSA as a standard. Reaction rates were 
linear for 60 minutes and over an enzyme concentration range of 2.5-20% 
homogena tes (wet "feight/volume) . 
Gel Electrophoresis. 
Single, 0-1 day old adult flies, which had been frozen overnight, 
were homogenized individually in glass tissue grinders (25-100 lambda 
capacity) (Radnoti Glass Technology, LDC., Arcadia, Ca.) in 0.025 illl 
of homogenization buffer (0.01 M sodium citrate, citric acid, pH 4.7, 
0.001 M Na2 EDTA, 0.1% bovine ser~~ albumin and 15% sucrose) and frozen 
overnight before use. It was found that the freeze-thaw step released 
more activity and preferentially increased the amount of soluble activ-
ityas compared to activity at the origin. Before electrophoresis, 
samples were centrifuged for 10 minutes on an IEC clinical centrifuge 
(Model ME) and 0.012-0.015 ml quantities of the supernatants were 
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subjected to electrophoresis. Gel electrophoresis was performed 
at 200 volts for five hours in a slab gel system (Aquebogue Machine 
and Repair Shop, Aquebogue, L.I., N. Y.). The running gel (about 
8 cm in length) was 7.5% acrylamide containing 1.5 mg/ml salmon 
sperm DNA. The slot former was inserted into a spacer gel (5% acryl-
amide) until 0.5 cm of spacer gel separated the bottom of the pocket 
from the rtmning gel. Gel solutions, DNA substrate, gel and elec-
trophoresis buffers were made up as described in Boyd and Mitchell 
(1965). After electrophoresis, the gel .<Ias incubated in two changes 
of incubation buffer (0.06 M sodium citrate, 1 mM Na2 EnTA, pH 4.5). 
Incubation time was three hours at 37°C with a buffer change after 
the first hour. After incubation, the gels were stained overnight 
in 0.2% methyl green (Kurnick, 1950), and destained with several 
changes of 0.2 M acetate buffer, pH 4.0 (Boyd and Mitchell, 1965). 
Mutagenesis. 
Stocks used in the mutagenesis experiments were homozygous for 
the third chromosome recessive visible markers ebony (~, 3-70.7), 
claret (~, 3-100.7) and brevis (bv, 3-104.3) (see Lindsley and 
Grell, 1968, for a complete description of these mutants), and for 
the acid phosphatase-1 null activity allele, Acph_1n13 (Bell et 
al.,1972). The strain used in the null screen to recover ca 
containing mutagenized third chromosomes had the third chromosome 
constitution In(3L)P, L~(3R)P, M~, ~T(3;4)A2. Me is a dominant 
visible mutation w~thin the inversion on the left arm of the third 
c0xomosome. The inversion on the right arm of the third chromosome 
8 
+ inhibits recombination between ~ and the ca locus in the transloca-
, 
tion chromosome. The multiply-inverted ~e chromosome is balanced over 
the translocation T(3;4)A2. 
Homozygous ~ ~ Ac~h_1n13 bv or ca Ac~h_1n13 bv males were exposed 
to 0.023 M ethylmethane sulfonate (EMS) according to the method of 
Lewis and Bacher (1968). Prior to placing males on EMS, they were 
starv-ed overnight in vials containing 2% agar which provided only mois-
ture but no nutrients. Subsequent crosses for isolation of null alleles 
were incubated in vials or bottles with a standard cornmeal-molasses 
medium supplemented with live yeast Q~der conditions of high humidity 
at 2SoC. 
A method for qualitatively assaying large numbers of single flies 
for acid DNase activity "Tas developed. Salmon sperm DNA (Sigma Chem. 
Co . ) at 1.6 mg/ ml in citrate buffer (0.06 H sodium citrate, 1 mN 
Na2 EDTA, pH 4.5) was warmed to 50
0 C and brought to a final concentra-
tion of 0.96 mg/ml with a 600 c solution of aqueous 1.5% agarose (Sigma 
Chem. Co.). After mixing thoroughly, the solution was poured between 
two gel electrophoresis plates (Aquebogue Nachine and Repair Shop) 
separated by lucite spacers (O.OS' thick) and allowed to polymerize 
at room temperature. Following polymerization, the gel was supported 
horizontally on one of the plates and kept at OOC. A fire polished 
pasteur pipet 1'TaS used with suction to place in the gel evenly spaced 
wells with diameters of approximately 1.5 ~m. Forty-eight individual 
female flies were homogenized simultaneously L~ single drops of H20 
at oOe in separate wells of a microtiter plate. A 0.01 ml quantity 
of each homogenate lv-as transferred to a well L.'1 the DNA-agarose gels 
b 
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using marked capillary tubes. The gel was incubated at 37°C overnight 
under conditions of high humidity. It was then stained in 0.25% 
methyl green (Kurnick, 1950) and destained with several changes of 
0.2 M acetate buffer, pH 4.0. Unstained areas around the wells 
(Figure 1.1) indicate the presence of acid DNase activity. Putative 
null mutants show complete staining (absence of activity) around 
the perimeter of the well. 
Resul ts 
The DNases of Drosophila. 
Drosophila melano~aster has a number of different electrophoretic-
ally separable DNase activities exhibiting various pH optima, ionic 
requirements, and developmental patterns of expression (Boyd, 1969). 
In adults, acid DNase activity is found largely in a single, anodally mi-
grating zone and L~ a region near the sample origin. Enzyme activity 
near the origin can be decreased relative to the amount of soluble activ-
ity by subjecting crude extracts to: a) osmotic shock, b) longer homogen-
ization, or c) increased centrifugation time. The two activities may, 
therefore, represent the same gene product, some of which is complexed 
with other proteins or is membrane-associated. An electrophoretic 
analysis of fifteen different laboratory stocks revealed tllTee elec-
trophoretic variants of the anodally migrating enzyme in adults. 
As a result of the genetic analysis described below, we have designated 
these variants: DNase-1A (relative mobility = 1.00), DNase-1B (rela-
tive mobility = 0.96), and DNase-1 C (relative mobility = 0.89) (see 
Fig. 1.2). From the same fifteen stocks, two other variants were 
discovered which have the same electrophoretic mobility as DNase-1A 
but which differ greatly in relative activities at 2.5°C (Fig. 1.2). 
~ 
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Figure 1.1 
10 
Spot test for acid DNase activity in single fly homo-
genates. See Materials and Methods for details of the 
assay. The letter "n" denotes a putative null mutation. 

Figure 1.2 
12 
DNase-1 alleles in Drosophila melanogaste.r. Gels were 
L~cubated at 37°C for three hours as described in Mater-
ials and Methods. a-b, DNase-1A homozygotes; c-d, 
A; C C DNase-1 DBase-1 heterozygotes; e-f, DNase-1 homozy-
gotes; g, Qy;Sb/T(2;3)apXa individual T.1hich is DNase-1 C / 
B DNase-1 ; h-j, homogenates of two, four, and six adults, 
respectively, of a low activity variant of ]2lTase-1.; 
k-l, high activity variant of DNase-1 exhibiting increased 
activity over wild type strains in gel assays at 25°C 
instead of 37°C. 

1 L 
14 
Crosses between stocks monomorphic for DNase-1A and DNase-1 C patterns 
produced F1 individuals which exhibit a two-banded pattern in gels 
(Fig. 1.2). This indicates that the enzyme is monomeric in structure 
(Shaw, 1965), with respect to the product of the DNase-l gene. 
Genetic Localization of DNase-1. 
The DNase-1C variant Has discovered in a strain of flies homozy-
gous for the recessive third chromosome mutant glass (£d, 3-63.1). 
This mutant causes a reduction in the surface area of the eye, as well 
as roughened facets in an irregular arrangement (Lindsley ~Dd Grell, 
1968) . 
All of the DNase-1AjDNase-1C F1 1 s, which were obtained from recipro-
cal crosses of flies monomorphic for DNase-1A and DNase-1C eL~ibit a 
two-band pattern on gels. This is consistent with ~~ autosomal mode 
of inheritance. The Fi's were mated and a sample of 46 F2 individuals 
were examined for eye morphology and subjected to electrophoresis in 
order to score their DNase-1 phenotype. Nine individuals were homo-
zygous for .£.1:., and all of these also shm-/"ed only the DNase-1 C pheno-
.r.. 
type; of the.£.l:.' F2 's, twenty-three individuals exhibited both the 
A C DNase-i"" and DNase-l enzymes. The remaining fourteen Here monomorphic 
for DNase-lA, A X2 analysis of F2 progeny suggests a single locus 
with codominant alleles as the mode of inheritance for the DNase 
phenotype (p = 0.57). We have designated the DNase alleles simply 
as DNase-1A and DNase-1 C. Furthermore, the DNase-l gene showed com-
plete linkage with ~ in these results. 
Chromosomal localization was examined more rigorously in a cross 
of a laboratory wild type strain monomorphic for DNase-1A (DNase-1A/ 
DNase-:1A) to a stock with dominant markers on the second (Curl,;y) and 
tnr 
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third (Stubble) chromosomes, balanced over a translocation. This 
stock is designated as SM1, Qy;§EjT(2;J)Xa (see Lindsley and Grell, 
1968, for description of the mutants). This stock also has a balanced 
(DNase-1BjDNase-1C) genotype. When this stock was crossed to wild 
type (DNase-1AjDNase-1A) it was observed that the DNase-1B allele 
producing an enzyme with intermediate mobility was associated with 
the translocation chromosomes, and the DNase-1 C allele was associated 
with either the dominantly marked second (Qy) or third (Sb) chromosome. 
A From a backcross of the F1 males to wild type DNase-1 homozygotes, 
si..'{ individuals, which had the phenotypes .Q;y;+, +;Sb, .Qy;Sb, or +j+, 
were analyzed electrophoretically. 
C DNase-1 , while.Q;y individuals were 
All ~+ individuals were DNase-1A/ 
both DNase-1 A/DNase-1A and DNase-1A/ 
C DNase-l ; therefore, the DNase-l locus is on the third chromosome. 
Initial localization of the DNase-1 locus on the third chromosome 
was accomplished with the multiply-marked third chromosome ~ h th st 
~ ~ ~s ~ (Lindsley and Grell, 1968). Flies from this stock are 
homozygous for DNase-lA, The F1 females from a cross of this stock to 
£1 (DNase-l C jDNase-1 C) were backcrossed to ~ h th st ~ .§E ~s ~ lJ'.ales. 
Reciprocal single crossover products for each of seven regions were 
phenotJ~ically scored and analyzed electrophoretically. The results 
of this cross indicated that DNase-1 maps in the vicinity of the sr 
locus (62.0) on the right arm of the third chromosome. Fifty-five 
s 
crossovers between ~ and ~ , a segment of 20 map units in length, 
failed to separate the DNase locus from the ~ locus, i.e., all of the 
s + lC;, A. crossovers bebfeen cu and e which 'tTere sr were also DNase-_ DNase-I" 
A 
and all crossovers that were sr were homozygous for DNase-1 . This 
places the DNase-1 locus within 0.5 map units of sr. 
16 
Closer ma~~ing of the locus was attem~ted using a stock homozy-
gous for £P bx ~ ~s and the DNase-1A allele. The bx locus is consider-
ably closer to sr on the left than is cu. Females heterozygous for 
u~ bx'sr e S and the DNase-1 locus were crossed to u~ bx sr e S , 
..... --- .... ---
DNase-1A /£~ bx ~ ~s, DNase-1 A males. Among 40 recombinants beb,reen 
s 8 ~ and ~ , no ~-DNase recombinants were observed. Among 3 recom-
binants between bx and~, hm-rever, six individuals exhibited recom-
bination between DNase-1 and sr. Since the bx locus is at ~ and ~ is 
at 62.0, the DNase locus is, therefore, placed at 61.8 ~ 0.16 (s.e.). 
Cytogenetic Localizati~ of DNase-1. 
Du~lications were generated for each of thirty regions (see O'Brien 
and Gethman, 1973, for the breakpoints) spanning the hro major auto-
somes, except for region 83 D-E, by means of a series of crosses 
utilizing the Y-autosome translocation stocks of Lindsley, Sandler, 
et al. (1972). Intercrosses behreen these stocks ~roduce eu~loid 
male and female progeny as well as progeny carrying a duplication of 
the autosome between the two autosomal breakpoints. (All three classes 
of flies are ~henotypically distinguishable because the Y chromosome 
used in the construction of these ·translocations carries the dominant 
marker Bar-Stone on the tip of its long arm and the normal allele of 
yellow at the terminus of its short arm). The sex chromosomes in these 
stocks all contain a mutant allele of yellow. The du~lication flies 
are generated by one of the two viable combinations of gametes result-
ing from adjacent-1 disjunctions. See Lindsley et al. (1972) and 
O'Brien and Gethman (1973) for full discussions of this method. 
For each of the thirty regions examined, acid DNase activities 
of du~lication progeny were com~ared in spectro~hotometric assays 
b 
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with those of euploid sibling progeny. Of the 30 regions assayed, 
two regions, region 18 (67C-70C) and region 26 (88C-91B) exhibited a 
reproducibly dosage dependent response (Fig. 1.3). Dosage dependency 
was considered significant when the duplication/euploid acid DNase 
activity ratio was equal to or greater than 1.5. Based on several 
replicate experiments, average specific activities of homogenates 
of the duplication and euploid flies from regions 18 and 26 were in 
ratios of 1.61 ~~d 1.83, respectively. On this basis, region 26 was 
chosen for further analysis. The significance of the region 18 dosage 
dependency is discussed below (see Discussion). 
Region 26 can be further divided into three subregions using 
translocation stocks G48, L142, B116 and A89 (see Table 1.1). Dupli-
cations for these subregions are generated from the crosses: C48 x 
L142 (88C-89C), L142 x B116 (89C-90E), and B116 x A89 (90E-91B). 
Results of assays of flies duplicated for these subregions are shown 
in Figure 1.4. No significant elevation of DNase activity is observed 
for subregion (88C-89C); however, for both subregions (89C-90E) and 
(90E-91B), the duplication flies from reciprocal crosses consistently 
exhibit a higher specific activity than their euploid sibs regardless 
of the sex of individual classes. If the strllctural gene is within 
region 26, then, based on elevations of DNase activity in duplication 
flies, it must be in either subregion (89C-90E) or (90E-91B), but by 
the nature of the crosses, it cannot be in both. 
A series of crosses, making use of the electrophoretic variants 
discussed above, were performed to determL~e which of the two sub-
regions contains the structural gene for DNase-1 (Fig. 1.5). In 
the first cross scheme (A), virgin females of constitution C(l)F~, 
Figure 1.3 
h 
18 
Acid DNase activities of homogenates of flies segmentally 
aneuploid for regions of the second and third autosomes 
designated by numbers 1-30. Each bar represents one 
determination of the ratio of duplication to euploid 
DNase activity on a Het weight basis (see t1aterials and 
Methods) Hhere duplication and euploid individuals are 
of the same sex. 
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Table 1.1 Dr()_:3_c:>phpa melanogast.e~ stocks used in cytological localization of DNase-1. 
stock 
A89 
B116 
L142 
cL~8 
XYIII 
I TM1, Me 
Df(JR) p1L~ 
Male 
yS·X·yL, In(l)EN, y/T(2;3)/In(3LR) 
TM6 Ubx67b e , 
" " 
" " 
" " 
S L Y ·X·y , In(l)EN, y; In(3LR)TM6, 
6"b Ubx ( e/Sb 
62/ cm ct SU(HH) bx bxd In(3LR)TM1, 
I • bd2 Me, rl, s 
Df(3H) P14/T(2;3)apXa 
*L = long arm of y, S = short arm of Y 
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S L / S L Y ·X·y , In(l)EN, y Y ·x·y , In(l) 
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cm ct6 SU(HH)2 bx bxd/In(3LR)TM1, 
Me, ri, sbd2 
Df/OR) P1Lr/T(2;3)apXa 
Break)2oints 
* 1 ; 91B 
L : 90E 
L : 89C 
S : 88C 
deficient from 
90C2-D1 to 91A2-3 
(Lindsley and Grell, 
1968) 
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Acid DNase specific activities of homogenates of flies 
aneuploid for Region 26 and each of three subregions, 
88C-89C, 89C-90E, and 90E-91B. Each bar represents one 
determination of the ratio of duplication to euploid 
DNase specific activity. Protein determination was by 
the Lowry method. Duplica tion and euploid sibs 'tTere of 
the same sex. Df(JR) Sbd105 and T(2;J)~a, two stocks 
having breakpoints wi thin Region 26 1-Tere also assayed 
for specific DNase activity relative to an Oregon R wild 
type strain. 
.... 
~ 
"'C 
..0 
w 
o 
0-
. 
U 
'" = 
U 
Q> 
CO 
. 
U 
= 
= 
IJl =====f!==="" 
22 
Figure 1.5 
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Cross schemes used to determine the cy~ogenetic location 
of DNase-i. For further description of stocks, see 
Table 1.1. Light, boxed regions of chromosomes corres-
pond to the 1B subregion. The Sb chromosome in cross 
scheme (B) contains the DNase-1C allele. 
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1:/T(Y;3)/In(31R)TM6, Ubx67b ~ were mated to ~ ct6 ; ~(Hw)2 bx bxd/ 
, 2 
In(31R)TM1, ~ ri sbd males; F1 females bearing the attached-X 
chromosomes, a free Y chromosome, and two third chromosome balancers 
(TM1/TM6), were then crossed to B116 males whose genetype is noted 
in Table 1.1. Female progeny from this cross having the phenotype 
-l- S + ( 1:', ~ ,Ubx were then mated to 1142 or A89 males see Table 1.1), 
and single euploid, duplication, and deficiency progeny were frozen, 
homogenized, and examined electrophoretically. Flies car£ying a 
deficiency for these smaller subregions survive along with their 
euploid sibs. In the second cross scheme (Fig. 1.5 B), yB.x·~, 
In(1)EN, x/yB.x.iL, In(1)EN, 1:; In(31R)TI16, Ubx67b ~Sb virgin females 
were mated to B116 males; B116 F1 males (1:+ ~S) containing the Sb 
chromosome were then mated to 1142 or A89 virgin females and single 
euploid, duplication, and deficiency progeny were frozen, homogenized 
and examined electrophoretically. The T(Y;]) chromosomes contain 
A the DNase-1 allele in these crosses while the balancer third chromo-
some contains the DNase-1C allele. As seen in Table 1.2, the predicted 
DNase-1 phenotype of the deficiency sibling progeny differs depending 
on whether or not the DNase-1 locus is within the subregion. Results 
of the two sets of crosses (Fig. 1.6) show that the DNase-1 locus lies 
within the middle subregion (89C-90E). For both cross schemes 
(Fig. 1.5) the individuals deficient for subregion (90E-91B) contain 
two different DNase-l alleles and cannot, therefore, be deficient 
for the DNase-1 locus. Conversely, in crosses involving the (89C-90E) 
subregion, the deficiency flies exhibit only the product of the slow 
allele of DNase-1 (on the balancer crJomosome) , and the duplication 
individuals apparently have three doses of the DNase-1 gene: the 
Progt:ll?Y 
Eup 
Eup 
Dup 
Def 
Table 1.2 Expected phenotypes and DNase-l genotypes of 
progeny of crosses shown in Fig. 1.4. 
Expecte.d Phenot:lpe DNase-l Genotype 
within LB 
Cross A Cross B Emb~eg:l,()!1 
---
d' /'" BS Ubx d' /' BS Sb A/C 
~ y+ BS Ubx+ ~ y+ BS Ubx A/C 
~ y+ BS (Ubx)* d' y+' BS Sb+ A/A/C 
d' y+ BS Ubx+ ~ y+ BS Sb C 
outside LB 
sllbJ:'egion 
A/C 
A/C 
A/C 
A/C 
-l{-Ubx cannot be scored reproducibly in the presence of two other Ubx + alleles. 
Because Ubx (3-58.8) is in this subregion, it is necessary to s~e duplication 
progeny by the absence of the Me phenotype. This can generally be done in s; s+ -f!. f!. females which have a "wide" Bar eye. 
N 
0'\ 
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Figure 1.6 DNase-l phenotypes of individuals euploid or aneuploid 
for two subregions of Region 26. In each subregion, 
one euploid individual of each sex is shown with males 
on the left, females on the right. The DNase-l locus 
is found within subregion (89C-90E). The (90E-9lB) 
duplication individual has an abnormally low expression 
C 
of the DNase-l allele. 
89C-90E 90E-91B 
h 
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slow allele on the balancer chromosome, as well as two doses of the 
fast allele from the translocation chromosomes. Placement of the 
DNase-1 locus within the middle subregion limits the site of the locus 
to a region from 89C to 90E on the salivary gland chromosome map. 
Because the DNase-1 locus was to be genetically ~~pped, crosses 
similar to the one shown in FigtITe 1.5 B were performed in which 
the Sb-containing third chromosome in the male was replaced by chromo-
somes containing the recessive visible mutations.§.§ (3-58.5) or .,gl 
(3-63.1) presumed to be in the vicinity of the (89C-90E) subregion. 
Flies deficient for the (89C-90E) subregion show a spineless pheno-
type while flies deficient for the (90E-91B) subregion ShOif the glass 
phenotype. Thus,.§.§,.,gl, and DNase-1 are all within Region 26 and 
ss is within the same subregion as DNase-1. 
Deficiency Df(3R)P14 (Lindsley and Grell, 1968) has a proximal 
breakpoint (90C2-D1) which overlaps the distal part of the subregion 
(89C-90E) by 6 to 10 bands. In order to determine Hhether the 
DNase-1 locus lies within the P14 deficiency, flies from a stock 
containing Df(3R)P14, balanced over the translocation T(2;3)~Xa 
were crossed to a DNase-1 CjDNase-1C stock. The Df(3R)P14/T(2i3)auXa 
flies are monomorphic for DNase-1B, The results indicate that 
the Df(3R)P14/T(2;3)~Xa stock contains only one allele of DNase-1B 
associated with the translocation chromosome and that the Df(3R)P14 
chromosome apparently has no allele of DNase-1. Since the DNase-1 
locus lies Hithin both the (89C-90E) subregion and Df(3R)P14, it 
must be between 90C2-Dl and 90E as indicated in Figure 1.7. 
Figure 1.7 
30 
Cytogenetic location of DNase-i. The region common 
to Df(3R)P14 and subregion LB contains the DNase-i 
locus. The left breakpoint of Df(3R)P14 may be toward 
the right as far as 90D1 decreasing the size of the 
region containing DNase-1 to 5-7 bands in length. 
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Production of DNase-1 Null Alleles. 
The cross scheme used to generate null alleles at the nNase-1 
locus is shown in Figure 1.8. The second and third generations in 
the cross scheme were necessary for a separate analysis 1-rhich was 
not part of the present study, and are included here only for the 
sake of completeness. Mutagenized, homozygous DNase-1A ~ Acph_1n1J bv 
males were mated ~ masse to females having a third chromosome carrying 
~ and Pr (Lindsley and Grell, 1968), balanced over the multiply 
inverted 'I'MJ Sb, Ser chromosome, hereafter designated TSS. Single 
F1 virgin females containing a mutagenized third chromosome balanced 
over TSS were backcrossed to ~ !!ITSS males. Non-Pr, TSS sons and 
daughters from each cross were mated and the resulting TSS male 
progeny containing a single mutagenized third chromosome were mated 
to females heterozygous for the third chromosome balancer TSS and 
a third chromosome containing the deficiency Df(JR)P14 (Lindsley 
and Grell, 1968). TI1is deficiency extends from 90C2-D1 to 91A2 
and includes the DNase-1 locus (Detwiler and MacIntyre, 1978) (see 
above, Fig. 1.7). Non-TSS female progeny from this cross contained 
the deficiency and the mutagenized third chromosomes and were assayed 
by means of the spot test for the presence or absence of 
acid DNase acti vi ty. When such females ex.."1.ibi ted no detectable 
DNase activity, sibling non-TSS males were mated to In(JL)P, M~ ~/ 
T(J;4)A2 females. The mutagenized DNase-1 null chromosome was 
recovered from this cross in In(JL)P, Me ~DNase-ln ~~ males. 
I ,+ These males were mated to TSS .£! Pr females and TSS, Me male and 
female sibs (TNJ, Sb Ser/DNase-1n ~ Acph_1n1J bV) were crossed to 
establish a balanced stock of each presumptive null mutant. 
Figure 1.8 
JJ 
Cross scheme for generation of null alleles at the 
DNase-1 locus. A description of the nomenclature is 
found in the text. 
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All strains containing putative null and low activity DNase-1 
alleles were retested usL~g the gel assay of Boyd and Mitchell 
(1965). Results are shown in Figure 1.9 and listed in Table 1.3. 
The criterion for a null variant was the absence of acid DNase 
A 
activity in the region of the gel where DNase-1 gene product 
1wuld be expected. On this basis eight "null" variants, ,£323, ,£324, 
,£334 , ,£402, ,£403, ~459, n560 and ,£1041 were isolated from among 
1143 tested chromosomes (frequency = .007). Superscripts refer 
to the numerical position in the spot test of the mutant individuals. 
Strains showing reduced activity of the mutagenized allele were 
designated "low activity" -variants (nl -). Of the tHO low activity 
strains shown in Table 1.3, ,£lmh, kindly provided by J. C. Stone, 
w~s discovered in a laboratory stock. The lOH activity fails to com-
plement Df(3R)P14 (J. Stone, personal cow~unication) and in gels 
its product comigrates with the DNase-1A gene product. 114 n was 
recovered as a lethal over Df(JR)P14 and also shm-Ted reduced acid 
DNase activity relative to that of the mutagenized stock containing 
a DNase-1A allele. 
Further crosses were made using the method of O'Brien and 
Shimada (1974) to remove induced non-allelic lethals and the markers 
~ Acph_1n13 and bv from chromosomes containing the DNase-1 null 
alleles ,£323, ,£324 , ~334, ,£402 and ,£459, TSS/Def(3R)P14 ca+ virgin 
-, 3 females Here mated to TSSjDNase-1n , ~ Ac-ph-1n- , bv males and 
progeny from this cross were alloHed to intermate. After 2-3 genera-
tions wild tJ~e males and virgin females were selected and mated to 
maintain each stock. The DNase-1 phenotypes of several individuals 
Figure 1.9 
..... 
J6 
Enzyme activities in acrylamide gels of low and null 
activi ty alleles of the DNase-1 locus. Nulls "rere de-
rived from a normal (A) allele and isolated over DF(JR)P14. 
For homozygotes, hro indi:viduals were homogenized in 
25 ul; 15 ul were inserted L~to gels. For mutant 
alleles heterozygous over the TMJ balancer third 
chromosome (visible DNase-1C activity), one or two 
individuals were homogenized as indicated. Samples in 
panel A: (1) ~J2J/TMJ; (2) ~J2J/~J2J; (J) ~J24/TMJ; 
(4) ~J24/.gJ24; (5) ~40J/TI1J; (6) ~40J/TMJ (hw indi-
viduals); (7) ~459/TMJ; (8) ~459/~459, (9) ~560/TM3; 
(10) n560/TM3 (hw individuals); (11 )-(12) TMJ/ru Pr 
( 1C; 1A) . (1) ~lmh/ DNase- DNase- . Samples In panel B: 
Imh (2) Imh! Imh (t . d' ad 1) (J) Iss! Iss ~; ~ ~ "TO In lVl ua S ; ~ .£ ; 
(4) nlss!nlss (hro individuals); (5) TMJ!n14; (6) TM3/ 
- - -
n
14 (two L~dividuals); (7) TM3/~J34; (8) ~J34/Q334; 
(9) TM3/Q402; (10) ~402/~402; (11) TM3/~1041; 
(12) TM3/~1041 (hTO individuals); (1J) TM3!ru Pr 
(DNase-1A!DNase-1C) . 
.... 
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Table 1.3 DNase-1 activity mutants. 
Class Designation Source 
null n323 ENS 
n324 EMS 
n3J4 ENS 
n402 EMS 
n403 EMS 
n459 ENS 
n460 EMS 
ni041 EMS 
101-r acti vi ty nlmh 1S 
n114 EMS 
EMS = ethyl methane sulfonate, 1S = laboratory stock 
J9 
from each stock were examined electrophoretically to confirm the 
absence of DNase-1 activity. No DNase-1 activity was observed 
indicating that individuals of all five stocks had a third chromo-
some complement that was l'iild type for all markers used in the 
analysis but genotypically either DNase-1njDFase-1n or DNase-1n/ 
Df(JR)P14. After several further generations, fifteen virgin 
s females of each stock were mated ~ masse to homozygous ~ ~ 
males (the ~ locus is included in Df(JR)P14). Of over a hundred 
progeny examined no ~ progeny were seen in any of the crosses 
indicating that Df(JR)P14 l'iaS either lost from each stock or at 
frequencies less than 10%. For each stock single sr+ males (DNase-1n/ 
sr eS) were mated to TSS, ~ru Pr females. + TSS, ~ progeny from 
these crosses were used to construct stocks homozygous for each 
of the DNase-1 null alleles. 
Extracts of two flies homozygous for each of the null alleles 
(listed above) were assayed in gels for DNase-1 activity (see 
Fig. 1.9). Gels were then slowly destained over a period of 2-J 
days. In each case, while no DNase-1A activity is observed, a faint 
band of activity (1-1(:% of wild type, C. Detwiler, unpublished 
observation) is present at or slightly ahead of the position to 
which the DNase-1C gene product migrates. The intensity of the band 
. JJ4 J24 402 459 J2J is variable behreen the null stralns (g .'£ =, 1l =, 1l E.) 
but is consistent I'l"ithin any single strain. In strains n40J/TSS, 
560/ 1040/, 1l TSS, and E. TSS ~he presence or absence of this band can 
C 
not be determined due to the presence of the DNase-1 gene product 
from the TSS chromosome. 
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Test Tube Assals. 
In order to estimate the contribution of the DNase-1 gene 
product to total acid DNase activity, test tube assays were performed 
on homogenates of embryos (150 mg/ml) and adults (100 mg/ml) of 
selected null stocks and null heterozygotes as indicated in Table 1.4. 
Activity values are based on wet weight determinations. It can be 
seen that the product of the DNase-1 locus is responsible for most 
but not all of the acid DNase activity present in wild type homo-
genates. 
Discussion 
DNA-Acrylamide Gel Electrophore~is. 
The number and variety of methods used to detect and quantify 
DNase activity have increased greatly since the description by 
Kunitz of a spectrometric assay (Kunitz, 1950; Daoust, 1957; Boyd 
and Mitchell, 1965; Melgar and Goldth~~it, 1968; Champoux and 
Dulbecco, 1972; Holloman and Holliday, 1973; Grdina et al., 1973; 
Bacchetti and Benne, 1975; Meisel and Friedlander, 1975). Our 
technique is an adaptation of the Boyd and Mitchell technique (1965) 
for use L~ a slab gel system. This system has the advantage of 
ease of preparation, simplicity of sample comparison, and a thin 
cross-sectional gel area allowing for rapid diffusion of stains 
and buffers klto the gel. Also, because of the thinness of the 
gel, DNA fragments, resulting from enzymatic digestion, can diffuse 
out of the gel matrix, making the elution and presoak steps of 
r 
Table 1.Lj, Acid DNase acti vi ties of null stocks. 
GenotyPe 
wild type (BV1) 
lmh/ lmh n n 
lss/ lss** 
n n 
324/ 324 n n 
n3J4/n331+ 
402/ Lj,02 
n n 
323/ 560 n n 
403/ 560 n n 
324/ 323 n n 
Adults 
0.18* (2::0.01) 
0.07 (.:to.01) 
0.02 (-IrO.01) 
0.02 (:to.01) 
0.03 (.:to. 01) 
Embryos 
0.13 (.:to.03) 
0.03 (.:to.01) 
0.05*** 
0.03 (.:to.01) 
0.05 (.:to.02 ) 
0.03 (+0.01) 
* the average value and range for two determinations are reported. 
** n
lss 
exhibits reduced DNase-l activity in gel assays; the stock is 
homozygous for the recessive visible mutant spineless (see footnote 
to Fig. 1.2, h-j. 
-**·)(-ss embryo value represents a single determination. 
+-p 
42 
Boyd and Mitchell (1965) unnecessary. This system is adaptable; 
in fact, it has already been used successfully in our laboratory 
to detect MgT2 stimulated alkaline DNases as well as RNases. 
The electrophoretic assay in slab gels reveals considerable 
variability among the DNases of Drosophila melanogaster that 1fe have 
examined. For DNase-1, three alleles with differing mobilities 
as well as three different activity variants were recovered from a 
sample of only 15 different laboratory strains. A comparable 
amount of apparently genetic variation in an alkaline pH optimum 
(8.25), Mg+2 stimulated DNase has been detected in 13 different 
laboratory strains (Detwiler, unpublished observation). More infor-
mation concerning the function of these nucleases must be kno~m 
before the significance of this large amount of variability can 
be assessed. 
Of particular interest from the standpoint of genetic regula-
tion are the high and low activity variants of the DNase-1 locus. 
These kinds of variants exist for XDH activity in ~. melanogaster 
(Chovnick et al., 1977) and in~. pseudoobscura (Prakash, 1977) 
and map genetically to the vicinity of the XDH str~ctural gene. 
For one of these alleles in D. melanogaster (ryT4), Cho,mick et 
al. (1977) have shown that the site (i409) controlling the activity 
level of the allele is recombinationally separable from sites 
controlling its electrophoretic mobility. They have further shown 
that this "regulatory site" is to the left beyond the limits estab-
lished for the structural gene. A similar analysis of the DNase-1 
43 
locus using available alleles with altered enzyme activities would 
be valuable as a further test of the generality of the rosy locus 
model. 
DNase activity near the origin in DNA aC~Jlamide gels may be due 
to either a protein-protein interaction such as a membrane associa-
tion of DNase activity or, as Boyd (1969) has suggested, the DNase 
activity may interact strongly Hith and/or bind to the substrate 
VIhich is present in the gel. Experiments in which DNA w-as omitted 
from the top 2.5 cm of the rQDning gel suggest that enzyme-substrate 
interaction is not responsible for the immobilization of acid DNase 
activity near the origin (DetVIiler, lmpublished observation). Acid 
DNases are generally lysosomal enzymes and, in the case of rat liver 
lysosomes, acid DNase activity has been purified from lysosomal 
membranes (Dulaney and Touster, 1972). This suggests that the presence 
of acid DNase activity at the gel origin may be a result of membrane 
association. 
DNase-1 Localization. 
Several different ar~~ents suggest strongly that a structural 
gene for DNase-1 is at 61.S on the right arm of the third chromo-
some: 1) electrophoretic variants specified by codom.L'1ant alleles 
VIere used to genetically map DNase-1 to this position; 2) a survey 
of the second and third chromosomes for gene dosage sensitive regions 
using Y-autosome translocation stocks revealed dosage sensitivity 
in a region containi.Dg ss and gl, both of which map to VIi thin 
- ........ 
three map units of DNase-~; 3) DNase-1 is also 'iTi thin Df(3R)P14 
44 
which contains ~ and ~ (Lindsley and Grell, 1968); and 4) in a 
deficiency generated by a cross between two Y-autosome transloca-
tions with autosomal breakpoints near ~ and £d, the electrophoretic 
variant coded by the DNase-l allele normally carried on the translo-
cation chromosome was missing. This last demonstration is a critical 
one in this study. O'Brien and Gethmann (1973) noted that a region 
of a chromosome containing the structural gene for a given enzyme 
should produce strict dosage dependency in enzyme assays in which 
three, two, or one copy(s) of the locus are present. Several authors 
have subsequently utilized the Y-autosome translocations to locate 
putative structural genes (Kiger and Golanty, 1977; Moore, 1977; 
Pipkin et al., 1977; Hodgetts et al., 1975). Data generated by 
this method become difficult to interpret when several loci within 
the genome con tri bute enzyme products 1'Ti th similar substrate 
specificiti~s. The method can still be used, however, regardless 
of the number of interfering gene products if alleles specifying 
electrophoretically discrete forms (allozymes) of one or more of 
the enzymes are a'milable. A genera] method for cytogenetically 
locating a gene-enzyme system with different electrophoretic variants 
is shown in Figure 1.10. Flies with a cbxomosome carrying an allele 
specifying an electrophoretic variant different from the one found 
in the T(YiA) stocks, i.e., the "alternative allele" of the gene-
enzyme system are crossed to females containing autosomal balancers 
similar to those used in the translocation stocks but having a 
sex chromosome constitution of YS,x.~, In(1)EN/YS'X'Y~' In(l)EN, 
Figure 1.10 
.... 
General model for the use of electrophoretic variants 
and T(Y;A) stocks for placement of a locus with respect 
to a given subregion of the second or third cbxomosome. 
E_1F E_1 S - fast and slow alleles at a locus Hithin , 
the generated subregion. E_2F , E_2S - fast and SIOH 
alleles at a locus outside the generated subregion. 
BAL - Balancer chromosome, Dam - dominant visible 
mutant associated with balancers, Dl - distal break-
point on autosome, PI - proximal breakpoint on auto-
some. Thick regions represent heterochromatin. E-1, 
E-2 are placed on left arm of balancer chromosome 
to indicate rearrangement of Hild tY]?e se<luence due 
to multiple inversions in the Balancer . 
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as shown in the first ste~. Males heterozygous for a balancer and 
the chromosome containing the alternative allele are then crossed 
to females of the translocation stock Hith the distal breakpoint 
delimiting the region Hhich ~dll be made deficient. Males are then 
selected Hhich carry the translocation marked Hi th:;/ and/or ~s, 
and the chromosome carrying the alternative allele. Finally, these 
males are mated Hith females containing the translocation chromo-
somes Hith autosomal break~oint proximal Hith regard to the region 
in question. If the structural gene lies Hithin the deficiency, 
the deficiency-carrying flies Hill e~~ibit only one form of the 
enzyme Hhich Hill be the ~roduct of the alternative allele origL~ally 
introduced in the first cross. If the structural gene lies outside 
of the region delimited by the tHO autosomal breakpoL~ts, all progeny 
Hill, without exception, exhibit the product of the allele associated 
Hith the translocation chromosome. In this manner "dosage dependency" 
for a given locus can be demonstrated directly in a gel, separated 
from other gene products Hith similar substrate s~ecificities. 
The availability of electrophoretic variants together with the 
ability to generate specific deficiencies using segmental aneu-
ploidy makes the analysis of other loci affecting acid DNase 
activity potentially useful. The survey of the second and third 
autosomes for dosage sensitive regions, as described above (Figs. 1.2 
and 1.3) suggest seven other regions Hhich, Hhen duplicated, show 
significant alterations (> 1.5 fold) of acid DNase activity by 
comparison Hith eu~loid siblings. Four regions, Hhen duulicated, 
",." 
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show significant depressions of acid DNase activity (Regions 16, 17, 
29, 30). No additional information is presently available regarding 
the further localization or significance of these depressions. The 
other three regions (Regions 4, 18, subregion 90E-91B) show eleva-
tions of acid DNase activity in duplication sibs. Of these, two, 
region 18 and subregion 90E-91B, have been further studied. 
Flies duplicated for the (90E-91B) subregion yield extracts 
exhibiting moderate elevation of DNase activity relative to their 
euploid sibs (Fig. 1.4). These elevations are more pronounced in 
females than in males. Gel assays of euploid and duplication sib-
ling extracts show that the increased DNase activity in duplication 
flies appears to be due to a relative decrease in the activity of 
the DNase-1A gene product in sibling euploid female extracts. The 
DNase-1A allele is associated with the translocation chromosome in 
these crosses, and is closer to the translocation breakpoint in 
euploid sibs than in duplication sibs. These data suggest that 
position effect variegation is responsible for the difference in 
acid DNase activity behreen euploid and duplication sibs. If the 
~ 
activity of the DNase-in allele is being suppressed in the euploid 
fly, then the apparent Lncrease in duplication progeny is actually 
due to a depression of DNase activity in the euploids. This depres-
sion should be 6~eater in females than in males where extra Y heter-
ochxomatin might be expected to depress the extent of position effect 
variegation (Spofford, 1977). As indicated above, this difference 
in extent of depression of DNase activity in euploid male and female 
extracts has been repeatedly observed in test tube assays (Detwiler, 
unpublished observations). This further suggests that the apparent 
dosage sensitivity of the (90E-91B) subregion results from position 
effect variegation of the DNase-1A allele. 
The elevation of DNase activity in flies duplicated for region 18 
(67C-70D) has been examined by subjecting them to gel electrophore-
sis alongside their euploid sibs. The association of DNase-1 
alleles is such that both duplication and euploid flies are DNase-1AI 
DNase-1C heterozygotes. The effect of duplication of region 18 is 
a significant increase in the activity of both DNase-1A and DNase-1C 
gene products. This generalized increase in activity differs from 
the result observed Hhen region 26 is duplicated. There, the 
L~crease is evident only L~ the amount of DNase-1 product coded 
by the allele carried on the tra~slocated chromosomes, and hence 
in duplicate (see Fig. 1.6). It is possible that a regulatory 
gene, controlling the overall expression of the DNase-1 locus, lies 
within region 18. Alternatively, regions 18 or 4 may cause quanti-
tative increases in DNase-1 activity by contributing structural 
genes for a second subunit to the enzyme. 
DNase-1 Null Alleles. 
The induction and analysis of null alleles in an enzyme's 
structural gene can be a useful approach to tmderstanding the in vivo 
function of the enzyme itself. The value of a "spot" test for the 
selection of individuals carrying a null allele is n01'T Hell estab-
Ii shed from studies on Acph-1 (Bell et al., 1972), Adh (Grell et al., 
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1968; O'Donnell, 1975),0( Fuc (B. Bond, personal communication), 
B galactosidase (D. Knipple, personal communication), and ~GPDH 
(O'Brien and MacIntyre, 1978). The spot test described for acid 
DNase activity ought to be applicable to virtually any sy-stem with 
a diffusable enzyme and a polymeric substrate for which a relatively 
specific stain is available. The use of the small deficiency, 
Df(3R)P14, which includes the DNase-1 locus, made a qualitative 
interpretation of the spot test possible; a null allele over a 
deficiency gave no activity. This is significant because there 
is considerable variation in activity among the single-fly extracts 
used L~ the spot test, and detection of null heterozygotes would 
require further refinements of the test. 
The dosage of EMS used resulted in a relatively high frequency 
of null alleles (1 null allele per 143 chromosomes tested) when 
compared with efficiency of this mutagen in other Drosophila gene-
enzyme systems (O'Brien and MacIntyre, 1978). This high frequency 
may be due to the relative size of the DNase-1 locus, or to other 
unkn01ID factors affecting the mutability of the locus. 
The induced null mutations were studied after producing five 
stocks, each of which was homozygous for a different DNase-1 null 
allele. This made the observation of the homozygous nu~l mutant 
phenotype in gels in the absence of any wild type DNase-1 gene 
product possible. The faL~t bands of activity observed in extracts 
of each strain could be the result of either 1) a DNase-1 gene pro-
duct in which both the net charge and enzymatic activity had been 
.... 
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mutationally altered, or 2) the presence of an independent nuclease 
that comigrates l'Tith DNase-1 in gels but is not visible in the 
presence of 1-Tild type DNase-1 activity. \ffiile the data do not 
permit a clear choice between these interpretations, the relatively 
common occurrence of "leaky" mutants in other systems (O'Brien 
and MacIntyre, 1978), and the slight electrophoretic variation 
of the faint bands among the various null mutant stocks suggest 
that the bands represent the action of altered DNase-1 gene product. 
Leakiness has been observed among induced nu11s in frequencies of 
up to 7510 following selection screens in which E11S -w-as the mutagen 
(O'Brien and MacIntyre 1 1978). Factors that determL~e the fraction 
of the induced nulls that l'Till be leaky in a given system include: 
1) the sensitivity of the enzyme assay to diminished amounts of 
activity, 2) the frequency 0Tith which mutational events lead to 
"leaky" versus "absolute" nulls, Hhich will be a function of the 
primary, secondary and tertiary structures of the gene product; and 
J) functional constraints on the gene product ("absolute" nulls 
may be lethal or L~fertile). Although no data exist which allow 
comparison of assay sensitivities or enzyme structures, it is 
possible (since all null alleles examined were leaky) that homozy-
gosity for an "absolute" null allele of DNase-1 results in lethal-
i ty . In order to test this hypothesis, a selection screen 1>TOuld 
be required in which null mutant heterozygotes are produced and 
detected in gel assays. If heteroallelic, heterozygous null 
combL~ations from this screen could be found which Here not viable, 
.... 
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then the hypothesis would be substantiated. Nevertheless, given 
the results of the present selection scheme and data from test 
tube assays (Table 1.4), it is apparent that levels of acid DNase 
activity far beloH those of Hild ty-pe individuals do not seriously 
impair viability and fertility of the DNase-1 null stocks. In this 
respect, DNase-1 is similar to numerous other Drosophila gene-enzyme 
systems in Hhich the virtual absence of the gene product has little 
or no effect on viability (O'Brien, 1973). The presence in null 
extracts of residual activity at the origin of the gel, together 
with the test tube assay results from the null stocks (see Table 1.4), 
suggest that one or several other acid DNases exist in the organism. 
These other enzymes may allow the organism to physiologically com-
pensate for the absence of the DNase-1 gene product . 
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Introduction 
One frequently used approach to understanding the biological 
function of cellular constituents has been the technique of sub-
cellular tissue fractionation. Differential and isopycnic centri-
fugation analyses have been used for the subcellular localization 
of enzyme activities, following the classic 1'rork of DeDuve et al. 
(1955). This general method for analyzing the fractions of tissue 
homogenates led to the use of "marker enzymes" which are diagnostic 
of a particular subcellular fraction. Early in these studies, 
acid phosphatase became established as one of the few acid hydro-
lases which were widely characteristic of the lysosomal or "light 
mitochondrial" fraction of various tissue homogenates (DeDuve et 
al., 1955; Novikoff, 1961). Gradually many hydrolases (Barret, 1972) 
came to be assigned a lysosomal location, often on the basis of their 
association in subcellular fractions with acid phosphatase. There 
has been, however, a growing appreciation of the heterogeneity 
with regard to the enzyme content of lysosomes, even Hithin the 
same tissue (Beaufay, 1972). This has made histochemical and 
cytological criteria necessary complements to the biochemical 
criterion when a given enzyme is assigned to a particular subcellu-
lar location. 
The applications of analytical tissue fractionation have been 
limited during the study of insects, possibly because of the diffi-
culty of reproducibly fractionating tissue that is bound within 
a rigid chitinous exoskeleton (but see Henrikson and Clever, 1972) . 
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Even more rarely have these techniques been applied to eukaryotes 
in which the genetic locus responsible for the enzyme of interest 
is known. 
In order to better understand the processing of DNA dt~ing 
insect development, we have been studying the enzyme DNase-1 in 
the tissues of Drosophila melanogaster. DNase-1 has a pH optimli.m 
of 4.8 and shows an apparent activation in the presence of EDTA. 
A structll-~l locus for the enzyme has been mapped genetically to 
61.8 on the third chromosome and cytogenetically localized on the 
salivary gland chromosome map to a position within the interval 
90C2-D1 to 90E. In addition, a locus modifying the quantitative 
expression of the enzyme has been localized to the interval 67C to 
70C on the left arm of the third chromosome (Detwiler and MacIntyre, 
1978). The developmental profile for the enzyme has also been 
established and eight null activity mutants have been produced 
at the structural locus (Detwiler, 1979). DNase-1 is maximally 
expressed during pupation - a period of extensive tissue histolysis. 
The present study was undertaken in order to assign a subcellu-
lar location to the DNase-1 gene product. m1ile no histochemical 
data are presented here, the distribution of acid DNase activity 
is compared with that of acid phosphatase which has been localized 
wi thin the lysosomes of Drosophil.§: melanogaster by means of ul tra.-
structural histochemical analysis of ovarian and salivary gland 
tissue preparations (Anastasia-Sawicki and MacIntyre, 1975, Sawicki, 
1976). 
---
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Materials and Methods 
stocks. 
Three different stocks were used for these studies. A wild 
type strain, BV1 (from Blacksburg, Virginia) was kindly :provided 
by Dr. Bruce Wallace. The DNase-1 (3-61.8) null strain, DNase_1n324 
vTas described :previously (Detwiler, 1979). The A cph-1 n1 3 strain, 
homozygous for a null allele of the Acph-1 locus (3-101.1) was 
isolated by Bell et al. 1972). 
Embr~o Collection. 
strains used for embryo collection viere reared in half :pint 
bottles on standard cornmeal-molasses medilm to:pped with 2 mls of 
a live yeast sus:pension, and a layer of dry granular yeast. During 
the :period of peak emergence, bottles were cleared and adults col-
lected four days later. Adults from twenty-four bottles were added 
to six egg laying chambers similar in design to those of Hildreth 
and Brunt (1962) exce:pt that vented :petri dishes (100 x 15 mm) 
covered Hi th gauze were used instead of plastic tubes. Egg laying 
medium was that of Kriegsten et al. (1974). It was su:p:plemented 
with Norit A (Pfanstiehl Laboratories) to darken the color and 
:poured into :petri dish lids (100 x 15 mm). After hardening, a 
0.5 cm wide stri:p was trimmed from the outer edge of the media 
and yeast paste (40% yeast, 60% H20) was brushed onto the center 
of the surface of the medium, covering an area of 3 cm in diameter. 
THO days before embryos were desired, egg laying chambers were 
--
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placed on the prepared medium under conditions of high humidity at 
25°C. After 24 hours the mediQm was replaced with a medium contain-
ing fresh yeast paste. Ti'ienty hours later embryos were harvested 
into 0.12 M NaCl using a rubber spatula. Chambers were used 
over a period of 2-3 days for embryo collection. 
Subcellular Fractionation. 
Subcellular fractionation of embryos (Figure 2.1) was carried 
out according to a modification of the method of Henrikson and 
Clever (1972). Embryos were washed free of feces and yeast in 
0.12 ~1 NaCl, folded into a Nitex (48 uM) bag, dechorionated in 2-)% 
NaOCl for 90 seconds at OOC, and rinsed in several changes of 0.12 M 
NaCl. Embryos were then weighed, suspended in H buffer (0.165 M 
Tricine, pH 7.5, 0.25 M sucrose, 10 mM KC1, 10 Th~ MgC12) (15% w/v) , 
and gently ruptured in a. Dounce homogenizer using 10-12 passages 
wi th a loose fi tti."flg pestle. This and all subsequent steps TtTer-e 
carried out at 0-4°c. The extent of cell breakage was checked 1-rith 
phase microscopy; at least 7Wo of nuclei were released into solution. 
The homogenate was then filtered through Nitex (48 ~1) and centri-
fuged at 43000 g x min in an SS-34 head of a Sorval RC-2B centri-
fuge to pellet nuclei and larger cell debris. The supernatant 
was recentrifuged at 500,000 g x min. The pellet from this spin 
consisted of a small particulate (SF) fraction (by phase microscopy) 
and the supernatant was taken to represent the soluble (S) fraction 
of the homogenate. The nuclear or large particulate (LF) fraction 
described above was cleared of laxge cellular debris and undisrupted 
Figure 2.1 
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Scheme for the subcellular fractionation of Drosophil~ 
embry-os. Details are given in the text. 
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material by resus~ension in a Dounce homogenizer in H buffer, centri-
fugation at 2100 g x min, resus~ension of the resulting pellet in 
H buffer and recentrifugation at 1210 g x min. The final pellet 
was discarded and the combined su~ernatants (the 1P fraction) were 
collected by centrifugation at 43,000 g x min. This fraction 
was largely nuclei and ~-yolk s~heres as judged by ~hase microsco~y. 
All fractions were brought to the original volume of the homogenate 
with H buffer containing 0.1% Triton-X100 and frozen at -20oC ~rior 
to assays for enzy~e activities. For some sam~les, distilled water 
or 0.1% Triton-X100 in H buffer were used for homogenization in 
~lace of H buffer to test the effects of hypotonicity or detergent 
on enzyme activity distributions in the various fractions. 
Densit~ Gradient Equilibrium Centrifugation. 
For density g£adient analysis of the SP fraction, SF ~ellets 
were suspended in 0.1 M Na2S04 , a reversible inhibitor of acid 
DNase (Detwiler, un~ublished observation; Bernardi, 1971), in H buffer 
(0.83 ml/gm embryos) and layered onto a 23 to 50% w/w sucrose 
gradient made u~ with H buffer. The gradients were centrifuged 
at 51,000 x g for 7 hours at 4°c in a Beckman Model 15-50 lutra-
centrifuge, SW 501 rotor. Thirty-seven ten-dro~ fractions were 
collected and frozen. Sucrose concentrations in the gradient were 
derived from refractive indices determined on a Bausch and 10mb 
Abbe 3-1 Refractometer at 22oC. 
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Assays. 
Test tube assays for acid DNase activity (Detwiler and MacIntyre, 
1978) and acid phosphatase activity (MacIntyre, 1971) have been 
reported elsewhere. 0( -glycerophosphate dehydrogenase activity was 
assayed by following the reduction of NAD at J40nm (O'Brien and 
MacIntyre, 1972). 
The DNA-acrylamide gel electrophoretic assay is that of Boyd 
and Mitchell (1965) as modified by Detwiler and MacIntyre (1978). 
After centrifugation for 10 mLDutes on an lEC clinical centrifuge 
(Model LB), ten and twenty-five ul samples of supernatants of LP, 
SP, and S fractions were subjected to electrophoresis in DNA acryl-
amide gels. For acid phosphatase determinations, fifteen ul samples 
were subjected to electrophoresis and stained as described by 
MacIntyre (1971). For gel assays of gradients, ten peak frac-
tions (a total of 1.5 mls) were concentrated to 125 ul in a Micro-
ProDiCon concentrator (Bio-Molecular Dynamics). 25 ul (DNase-1) 
or 15 ul (acid phosphatase) aliquots of this sample were used for 
electrophoresis. Densi tometry of the gel samples "\'lRS carried out 
on a Canalco Model LG Densitometer. 
Results and Discussion 
Acid DNase Activity in Subcellu+~ Fractions of Drosophila Embryos. 
An analysis of the subcellular distribution of acid DNase 
acti vi ty I'Tas undertaken using embryonic tissues. Embryonic tissue 
was chosen for two reasons: 1) compared to other stages of the 
life cycle, embryos are less heterogeneous with respect to cell 
ten 
type (in this regard, a cultured cell line, DM2 of Schneider, 
exhibited no detectable DNase-1 activity (Detwiler, unpublished 
observation» and 2) embryonic tissues, since they lack chitin, 
can be gently disrupted with minimum damage to intracellular struc-
tures. Homogenates of embryos were subdivided into three fractions: 
a large particulate fraction (LP) , a small particulate fraction 
(SP), and a soluble fraction (S), by the series of differential 
centrifugations outlined in fila terials and Methods. After subject-
ing the particulate fractions to Triton-X100, followed by freezing 
and thaHing of all fractions, acid DNase, acid phosphatase and 
~-glycerophosphate dehydrogenase (~-GPDH) activities Here determined. 
Three separate fractionation experiments Here performed, and repli-
cate assays were done on each fraction for each enzyme. Results 
are shown in Table 2.1. Activity values are reported as percen-
tages of the total activity in the homogenate. The range of values 
is reported after each mean value. 
A necessary control for these experim.ents Has the determination 
of "total relative activities" 1-Thich are a measure of the total 
enzyme activity in all fractions of a homogenate relative to the 
total enzyme activity in all fractions of the corresponding isotonic 
homogenate. These values ~"ere generally close to unity with the 
possible exception of DNase activity in the Triton-X100 homogenates. 
This apparent increase in total DNase activity cOlud be due to 
differences in the initial degree of polymerization of the DNA 
substrate used in the assays or possibly to increased release of 
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Table 2.1 Mean relative activities of acid DNase, acid phospha-
tase, and~;GPDH in three subcellular fractions of 
embryonic cells of Drosophila melano~aste~.* 
Enz~ Fraction Homogenization Medi.um 
isotonic hyPotonic detergent 
Acph LP 50.3.:t 6.5 12.0.:t 3.0 1.3 + 0.5 
SP 32.0 + 7.0 27.7 + 7.0 16.0 :! 1.5 
S 17.7:! 0.6 60.3:! 4.0 82.7 .:t 2.0 
Total Relative 
Activity 1.00 0.90 0.84 
DNase LP 29.0 + 7.0 8.0+2.0 0.0 + 0 
SP 38.7:! 6.5 30.7 +" 6.0 14.7 +" 8.0 
S 32.3 1: 3.5 61.3:! 5.0 85.3:! 8.0 
Total Relative 
Activity 1.00 1.14 1.40 
aGPDH LP 2.6.:t 0.5 2.0 + 1.0 0.3.:t 0.5 
SP 10.0 + 4.5 12.0 :;: 4.0 1.3 + 1.0 
S 87.4 :!4.9 86.0 :! 5.0 ,-98'!+ .:t 1. 0 
Total Relative 
Activity 1.00 0.83 1.00 
*each value represents an average of six determinations: hlO assays 
of each of three separate preparations. 
DNase activity resulting from the increased exposure of the homoge-
nate to the detergent. 
For isotonic homogenates (0.25 M sucrose, no detergent)t 
specific enzyme activities were determined based on measurements 
of total protein (Lowry et al. t 1951) in each fraction. From these 
values, relative specific enzy~e activities, based on total activity 
in the homogenate, were calculated for each fraction. The relative 
specific activity for each fraction is then plotted vs. percent 
of total protein present in the fraction ("DeDuve plots") as shOv-ffi 
in Figure 2.2. In each plot the fractions represented in order from 
the left are: LP, SP and S. The rectangular area for each frac-
tion is a measure of the relative distribution of enzyme activity 
in each subcellular fraction. The mean relative activities and 
the relative specific activities of acid DNase indicate that it is 
significantly more abundant in the small particulate fraction of 
embryonic cells following fractionation ill1der isotonic conditions. 
This result is consistent v-Ti th a lysosomal location for acid DNase, 
assumi.11g that the majority of the mitochondria and lyso somes are 
present in the small particulate fraction. Considerable acid DNase 
activity is also present in the soluble (8) fraction. Given the 
fragility of lysosomal membranes (Beaufay, 1972), however, some 
of this activity is probably due to lysosome breakage during homo-
genization and some acid DNase, freed in solution due to lysosome 
rupture, may be nonselectively adsorbed to a variety of cellular 
constituents (Beaufay, 1972) found in either the (LP) or (S) 
fractions. On the other hand, some acid DNase activity may originate 
Figure 2.2 
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DeDuve plots of acid DNase, acid phosphatase and 
~- glycerophosphate dehydrogenase activities in Droso-
phila embryonic tissue. Fractions are plotted L~ the 
order of their isolation (from left to right), LP, 
SP and S. Each fraction is represented in the ordinate 
scale by its relative specific activity (percentage 
of total activity/percentage of total protein). In 
the abscissa scale, each fraction is represented 
(cumulatively from left) by its percentage of total 
proteL~. 
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in the (3) fraction, which probably contains some lysosomes as well 
as the peroxisomal and microsomal fractions of these homogenates. 
The existence of acid DNase in the large particulate fraction 
may mean that acid DNase is found in or functions in embryonic 
nuclei which may also be the case in calf thymus nuclei (Slor and 
Lev, 1971). It is more probable however that lysosomes are present 
in the (LP) fraction in the form of lysosomal aggregates, some of 
which in embryos appear to be as large as nuclei (Sawicki and 
MacIntyre, 1977). 
Acid phosphatase, which has been shown to be a lysosomal 
enzyme from electron microscope studies of Droso~hila salivary 
gland tissue (Anastasia-Sawicki and MacIntyre, 1975), exhibits, 
in embryonic tissue, a higher relative specific activity in the (LP) 
fraction. A peculiarity of embryonic tissue which supports this 
result is the presence in early embryos of «-yolk spheres which 
contain large amounts of acid phosphatase activity (Sawicki, 1976), 
These yolk spheres, being similar in size to nuclei, would be 
found in the (LP) fraction, increasing the relative amount of acid 
phosphatase activity found there. 
The relative specifi cacti vi ty of 0( -GPDH is highest in 
the soluble fraction as Hould be expected for a cytoplasmic enzyme 
(Sacktor and Cochran, 1957; O'Brien and MacIntyre, 1972). 
The latency of the acid hydrolase activities (DeDuve et al., 
--
1955) Has demonstrated by homogenization of embryonic tissue in 
either distilled water ("hypotonic") or in H buffer supplemented 
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with Triton-X100 ("detergent"). As can be seen in Table 2.1, acid 
DNase and acid phosphatase activities both exhibit latency; there 
is a considerable shift of activity from the particulate fractions 
to the soluble fraction. This shift is common for enzymes which, 
under isotonic homogenization conditions, are isolated from exoge-
nous substrates wi th1...11 membrane delimited particles. The C(- GPDH 
activity distributions by contrast, were not greatly affected by 
membrane disruption. In summary, the high specific activity of 
acid DNase in the SP fraction and its latency prior to membrane 
disruption suggest that the majority of acid DNase in Drosophila 
embryonic tissue is found within small membrane bound particles. 
This observation is consistent with a lysosomal localization for 
acid DNase activity. 
Distribution of DNase-1 in Subcellular Fractions. 
-- . 
In Drosophila melanog,aster, acid DNase and acid phosphatase 
activities result mainly from the products of bro genetically 
determined loci: DNase-1 (Detwiler and MacIntyre, 1978) and AC12h-1 
(MacIntyre, 1966). From studies of null activity mutants it has 
been determined that about 77% of acid DNase activity in embryos 
(Detwiler, 1979) and) 90% of acid phosphatase activity 1...11 adult 
flies (Bell and MacIntyre, 1973) are contributed by the gene 
products of these bra loci (Detwiler, 1979). Acrylamide gel assays 
of a homozygous DNase-l nlul strain and a wild type strain (Table 2.2 
and Figure 2.3) .,ere made to examine the distributions of DNase-l 
and Acph-1 activities in the subcellluar fractions of embryonic 
r 
Table 2.2 Mean relative activities of DNase-1 and acid phosphatase-1 
in subcellular fractions of embryonic cells from two strains 
of Drosophila m~lanQEa§ter. 
STRAINS ~~ZYME ACTIVITIES* 
DNase-1 Acph-1 
LP SP S LP SP S 
BV1 13.6 (~8.4) L~6 .1 (.::t3.1 ) 40.3 (~5.3) 39.4 (~4.1) 29.5 (~7.9) 31.1 (:!:3. 8 ) 
----.J 
DNase_1n324/n324 N 0.0 (,::to.o) 0.0 (to.o) 0.0 (.::to.o) 46.7 (:1.:.6.2) 25.7 (.::t5. 1 ) 27 .6 (.::t 1.1 ) 
* Values in parentheses are the ranges of two determinations for each fraction. 
Figure 2.3 
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DNase-1 (panel A), and Acph-1 (panel B) activities 
in the large particulate (LP), small particulate (sp), 
and soluble (8) fractions of embryonic cells from 
BV1, DNase_1n324 , and Acuh_~n13 strains of Drosophila 
melanogaster. 
LP SP BVl 
BVI 
- BVl 
s 
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tissue. Densitometric data shown in Table 2.2 indicate that DNase-1 
and Ac~h-1 activity distributions are similar to the distributions 
of total acid DNase and acid phosphatase activities reported Ln 
Table 2.1. DNase-1 activity is the highest in the SF fraction. 
However, in the same electrophoretic system, subcellular fractions 
of embryos homozygous for the null activity allele, DNase_1n324 
exhibit a complete absence of DNase-1 activity from all subcellular 
fractions. Similar results Here obtained for acid phosphatase-1 
activity when a strain of embryos homozygous for the null allele, 
Ac~h_1n13, waS used. Thus, it is probable that in the SF fraction 
.. lith its relatively high specific acid DNase activity, most of the 
total acid DNase activity is contributed by the DNase-1 gene product. 
Density Gradient Analysis of Acid DNase and DNase-1 Activity. 
The small particulate fractions of embryos of a wild type 
strain (BV1) were subjected to equilibrium density gradient centri-
fugation in order to determine the distribution of acid phosphatase 
and acid DNase activities uithin the gradients. Since acid-phospha-
tase-1 has a lysosomal location in embryonic tissue (SaHicki and 
"MacIntyre, 1977), acid DNase activity might be expected to equili-
brate at a density similar to that of acid phosphatase activity in 
these gradients, if the acid DNase activity is also lysosomal in 
embryonic tissue. Results of a typical gradient experiment are 
shown in Figure 2.4. Although acid DNase activity is distributed 
throughout the gradient, its peak activity coincides with that 
of acid phosphatase. Both enzyme activity peaks lie near the 
Figure 2.4 
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Distributions of acid DNase activity, acid phosphatase 
activity and total protein in a sucrose density 
gradient of the small particulate (SP) fraction of 
a homogenate of embryonic tissue. Embryoes were 
derived from the BV1 wild type strain of Droso1Jhila 
melanogaster. Protein was determined by the Lowry 
(1951) method. Sucrose density was determined as 
described in Materials and l1ethods. 
:c 
Cl. 
<-) 
<t: 
d 
~ 
\ 
" 
, 
, 
o , 
'. I , 
I 
It 
" ~ 
~ 
I 
• I , 
" , 
'\' , 
I 
C 
I 
r'-----.-----.----~-----A 
~ 
o 
C\J 
. 
o 
77 
(oo/w5) A1ISN3G 
to 
o 
d 
o 
o 
C\J 
. 
o::t q 
o 
o 
1.0 
N 
o 
o 
o 
o 
(099V-) Nl3io{jd 
co 
C\J 
0::: 
.q- W 
C\J CO 
~ 
:J 
0 Z 
C\J 
Z 
0 
-
to t-
O 
« 
0::: 
lJ.. 
C\I 
co 
78 
peak protein fraction in the gra~ient. The presence of maximal 
succinic dehydrogenase activity in this region of the gradient 
(Detwiler, unpublished observation) and the density range across 
the protein peak (;0= 1.200 - 1.175) suggest that these fractions 
represent the equilibrium position of the mitochondrial fraction. 
It is worth noting that the equilibrium position of mitochondria 
and lysosomes in sucrose gradients of rat liver tissue are within 
0.02 gm/ccm of each other (Beaufay, 1964). On this basis, overlap 
of the mitochondrial and lysosomal distributions in these gradients 
would be expected. The sucrose density in the vicinity of maximal 
enzyme activity for acid phosphatase and acid DNase is ;0 = 1.185 -
1.187 gm/cc. This range of density is very similar to the average 
density (f? = 1.19 gm/cc) reported for rat spleen lysosomes (Bowers 
et al., 1967) and to the average density at which Henrikson and 
Clever (1972) found acid phosphatase and acid protease in sucrose 
gradients of extracts from the salivary glands of Chironomus. 
Thus, the sucrose density at which acid DNase activity equilibrates 
and the coequilibration of acid DNase and acid phosphatase acitivi-
ties are observations which strongly suggest that much of the 
acid DNase activity in Drosophila embrJonic tissue is lysosomal. 
Increases in enzyme activity and total protein at the top of the 
gradients probably result from disruption of particulate material 
during resuspension of the SP pellet. 
When 40 pl aliquots from selected fractions of the gradients 
are subjected to acrylamide gel electrophoresis, acid phosphatase-1 
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and DNase-1 gene products are distributed as L~dicated in Figure 2.5. 
In gels, DNase-1 activity was observable in fractions 16, 19 and 
22, but intervening fractions presumably contain DNase-1 activity 
as "Hell. These fractions correspond to the peak of acid phospha-
tase-1 activity as well as the peak of total acid DNase and acid 
phosphatase activities. This result is consistent with the earlier 
observation that most of the total acid DNase activity is contri-
buted by DNase-1. 
Finally, when SF fractions of embryos.from the homozygous 
null strain DNase_1nJ24 are subjected to density gradient analysis, 
the lysosomal fraction of the gradient, as determined by the peak 
of acid phosphatase activity. contains no DNase-1 
2.6). Conversely, when SF fractions from embryos 
activity (Figure 
of the Acuh_ln1J 
--'-
null strain are used, the lysosomal fraction as determined by 
the peak of acid DNase activity, contains no acid phosphatase-l 
activity (Figure 2.6). These results show that a region of the 
density gradient, in which acid phosphatase containing particles 
(lysosomes) are localized, contains no DNase-l activity in the 
DN _,nJ24 t . ase-_ s raln. 
Taken together, the above results indicate that the DNase-l 
locus in Drosophila ~elanogaster contributes a gene product that 
is localized within the lysosomes of developing embryos. This loca-
tion wi thL~ lysosomes suggests a degrada ti ve function for DNase-1 . 
That DNase-1 is utilized in degradation of total cellular DNA is 
also suggested by its increased activity during pupation (Detwiler 
Figure 2.5 
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Cosedimentation of DNase-i and Acph-l in a sucrose 
density gradient. SF pellets from the BV1 Hild type 
strain were subjected to density gradient centrifuga-
tion as described in Materials and Methods section. 
Gradients were fractionated and frozen. 40 ul ali-
quots (DNase-i) or 15 ul aliquots (Acph-1) were 
subjected to electrophoresis in acrylamide gels. 
DNase-l and Acph-1 activity in gels were scanned on 
a densitometer j peaks "rere cut out and weighed. 
Heights of bars represent intensities of enzyme acti-
vity as determined from peak heights. Fractions from 
the gradient selected for electrophoresis are indicated 
above the bars. 
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Peak fractions of DNase-1 and Acph-1 activities from 
sucrose density gradients of the small particulate 
fraction from embryonic cells of the BV1, DNase_1n324 , 
and Acph_1n13 strains of Drosouhila melanogaster. 
TSS/Pr designates DNase-1 activity from extracts of 
adult individuals from a strain used in the genetic 
localization of the DNase-l structural gene. Ten peak 
fractions for each strain were concentrated to 125 ul, 
and samples of the concentrated material were subjected 
to electrophoresis as described in Materials and Methods. 
BVl 
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and MacIntyre, 1978), a time of extensive tissue histolysis. Further 
studies of the substrate specificities of DNase-1 will be useful 
in defining the role of this enzyme in insect development. 
8.5 
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Introduction 
Acid deoryribonucleases (E. C. 3.1.4.6.) are a class of enzymes 
which, under conditions of acid pH, hydrolyze DNA to oligonucleotides. 
In vertebrates, they are present in a variety of epithelial and 
lymphatic tissues, tumors and cells such as erythrocytes and sperm. 
Their presence has also been documented in invertebrates and 
protozoans (Bernardi, 1971; Eeckhout, 1973; and Aaronson, 1973). 
In higher organisms, the mechanism of substrate degradation (Soave 
et al., 1973) and a generalized lysosomal location (Barret, 1972) 
suggest that acid DNases function in the degradation of cellular 
or foreign DNA with a reuse of the degradation products by the 
organism for the biosynthesis of nucleic acids. In this regard 
acid DNases are believed to have a primarily digestive role (Eeckhout, 
1973; Aaronson, 1973) within secondary lysosome-like structures. 
In many of the systems where acid DNase is best understood 
biochemically, genetic analysis is lacking. Drosophila melano~ster 
is a desirable system for studying the biological flIDctions of 
DNases because of its genetic tractability, its status as a higher 
eukaryote, and its usefulness in enzymological studies (O'Brien 
and MacIntyre, 1978). L~ addition, null activity mutants have been 
generated with relative ease in Drosophila mel~ogaster (O'Brien 
and MacIntyre, 1978) in a number of gene enzyme systems. This 
Fakes it feasible to use a genetic approach to the question of 
the biological function of a given enzyme. 
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Using an electrophoretic assay for DNase activity (Boyd and 
Mitchell, 1965), Boyd has examined the developmental profiles of 
the major deoxyribonucleases of Drosophila (Boyd, 1969). Recently, 
we have investigated the properties of the major soluble acid deoxy-
ribonuclease in Drosophila melanogaster. The presence of electro-
phoretic variants has enabled us to locate the stTllctural gene for 
the enzyme, DNase-1, which is on the third chromosome between 
the recessive mutants ~ and bx at 61.8 (Detwiler and MacIntyre, 
1978; see Lindsley and Grell, 1968, for a description of ~ and 
bX). The locus has also been placed between 90C-2 and 90E on 
the salivary chromosome map. Eight null activity alleles have 
been generated at the DNase-1 locus using EMS as a mutagen. 
Strains homozygous for these null alleles exhibit very little 
total acid DNase activity when compared with wild type strains; 
yet they are viable and fertile (Detwiler, 1979). Differential 
centrifugation studies and sucrose gradient analyses of homogenates 
of embryos suggest that the enzyme is present in lysosomes (Deti-Tiler 
and MacIntyre, 1979). A lysosomal location for DNase-1 is also 
suggested by its acid pH optimum and latency of activity in extracts 
(Deti-Tiler, 1979). DNase-1 shares these characteristics with acid 
phosphatase-1 (Yasbin, 1970) which is known to be a lysosomal 
enzyme by ultrastructural histochemical analyses.(Sawicki and 
f1acIntyre, 1977). The evidence that DNase-1 in Drosophila melano-
gaster is a lysosomal enzyme strongly suggests that it participates 
in the degradation and turnover of cellular DNA. 
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The purpose of this study is to further characterize the function 
of the DNase-1 gene product by means of an examination of its activity 
profile during development, and through an analysis of the effects 
of homozygosity for a DNase-1 null allele on the length of the 
life cycle and on female fecundity. The distribution of DNase-1 
activity in the major segments of adults is also examined. 
Materials and Methods 
Develo~mental Analysis. 
Three strains were used in the developmental analysis: DNase-1 CI 
DNase-1C, ~Nase-1A/DNase-1A and DNase-1lmh (see Detwiler and 
MacIntyre, 1978, for details). A wild type strain, BVi, from Blacks-
burg, Virginia (kindly provided by Dr. Bruce Wallace) was homozygous 
for the DNase-1A allele. The recessive visible strain ~ (glass, 
3-63.1; Lindsley and Grell, 1968), obtained from the Mid-America 
Drosophila Stock Center, was homozygous for the DNase-1C allele. 
The low activity strain, DNase_1lmh , and the deficiency for the 
DNase-i locus, Df(JR)P14/T(2;3)~Xa (Det1'l"iler and MacIntyre, 1978) 
were a gift from Mr. Jim Stone. n314 n124. DNase-1 J and DNase-1 - stralns 
are homozygous for, respectively, low activity and null activity 
alleles of the DNase-l locus (Detwiler, 1979). Also used was a 
strain of flies homozygous for the third chromosome markers e ca 
Ac~h_1n13 bv (see Lindsley and Grell, 1968; and Bell et ~1., 1972). 
The DNase_1nJ24 strain ,,/as derived from this strain by EMS mutagenesis. 
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Egg collections were made according to a modification of the 
method described previously by Yasbin (1970). Virgin females were 
stored for two to five days at 24°c in shell vials on a standard 
cornmeal-molasses medium topped with dry yeast to discourage ovi-
posi tion. f1ales were stored in vials for two or three days at 
24°c. Approximately 40 females or 40 males were stored per vial. 
Males and females were combined in egg-laying chambers described 
by Hildreth and Brunt (1962). Eggs laid during the first 24 hours 
were discarded to reduce the frequency of "retained embryos" 
(Sonnenblick, 1950). The acid DNase patterns of staged embryos 
a·s well as first, second, third instar larvae, pupae and one day 
old adults were analyzed in gels. Each pocket contained an extract 
of either: 80 embryos, 20 first instar la~lae, 10 second instar 
larvae, or sLngle individuals from later developmental stages. 
The fractionated heads, thoraces, and abdomens of adults "l-Tere also 
analyzed by gel electrophoresis. 
Life Cycle Duration and Fecundity Determination. 
Determinations of the length of the life cycle were carried 
out in shell vials on standard cornmeal-molasses medium topped 
with a live yeast suspension at 250 +1°C. The medium used to 
collect staged embryos was that of Kriegsten et al. (1974) except 
that grape juice was omitted and Norit A was added until the 
media was black. Analyses were performed at 250 +1 0 C at high 
hQmidity on a single preparation of egg laying media. All transfers 
of flies were made using CO2 anaesthesia. 
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Resul ts 
Development Profile of DNase-1. 
Two developmental profiles of DNase-1 activity in DNA-ac~Jla~ 
mide gels are shown in Figure 3.1. One is of heterozygous individuals 
from a crosp between homozygous DNase-1C/DNase-1 C females and 
DNase-1A/DNase-1A males and the other profile represents individuals 
from a cross between females homozygous for a DNase-1 allele of low 
activity (DNase-1lmh) and males homozygous for the DNase-1A allele 
(Detwiler and MacIntyTe, 1978). DNase-llmh has an electrophoretic 
mobility identical with DNase-1 C and lies ifithin Df(3R)P14 (J. stone, 
personal communication; Detwiler, 1979). On this basis it appears 
to be an allele of the DNase-1 locus. Despite the absence of the 
maternal gene product in the progeny of the second cross (B), 
it is evident that fluctuations of DNase-1 activity levels through 
development are similar for individuals from either cross. In 
early embryonic development, DNase-l is present at 0-1 hours after 
fertilization viith the maternal gene product in excess of the paternal 
gene product (A-1,2). However, in embryos having a l01-T-activity 
maternal gene product (not visible in gel until stage B-9), the 
paternal gene product is present and functioning at 0-1 hOlITS after 
fertilization. After the first few hours of embryonic development, 
DNase-1 activity apparently decreases, then rises again at about 
8-9 hours after fertilization, at a time when gastrulation is com-
pleted and head segment invagination and segmentation are OCClITring 
(Bownes, 1975). By 15-16 hours after fertilization, activity has 
Figure 3.1 
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Two profiles of the ontogeny of DNase-1. Profiles A 
and B represent staged progeny of the crosses indicated, 
where A and C are alleles of DNase-1. C1 is the 
l~ DNase-1 allele. Stages are as follows: 1, 0-1 ~x 
embryos; 2, 2-3 ~xs; ), 4-5 hrsj 4, 6-7 hrs; 5, 8-9 hrs; 
6, 15-16 hrs; 7, 1st instar larvae; 8, 2nd instar 
larvae; 9, 3rd instar larvae; 10, prepupaj 11, early 
pupa; 12, late pupa; 13, adult. For nLilllbers of indi-
viduals per pocket, see Materials and Methods section. 
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again decreased and remains relatively low through the first instar 
and into the second instar larval stages. Although relative amounts 
of adult and larval enzyme are not strictly comparable due to the, 
absence of wet weights of individual samples, some further general-
izations are possible. It appears that during the third larval 
instar stage, activity increases dramatically and remains quite 
high during pupation, a period of extensive tissue histolysis. 
Following eclosion, there is a rapid decrease in activity in adults. 
During the second lar~l instar, an additional zone of activity 
appears ahead of the A and C zones common to all other stages. 
This activity disappears by the late pupal stage, indicating that 
it is specific to late larval and pupal stages. The activity in 
A/A and C/C homozygotes migrates just ahead of the main band, 
which suggests that it results from a stage specific modification 
of the major product of the DNase-1 locus. A similar modification 
relationship has been ooserled among the isozy~es of ~-GPDH L~ 
Drosophila melanoe;aster (vlright and ShaH, 1969). Nothing is yet 
knmm concerning possible tissue specificity of this acti vi ty. 
In an effort to examine tissue specificity of the DNase-1 
gene product a little more precisely, female and male adult flies 
were separated into head, thorax, and abdominal regions, and 
approximately equal quantities of each segment Here assayed elec-
trophoretically for DNase-1 activity. Soluble activities shoHed 
no reproducible differences in amount of activity with respect 
to either sex or body region. Activity near the origin Has present 
in both sexes in extracts of thoraces and abdomens but not in 
extracts of heads. These results suggest either a generalized 
distribution of DNase-1 activity with respect to body regions of 
the adult or localization to a specific tissue common to all 
body parts (e.g., the hypodermis). 
Effect of DNase-1 Null Alleles On Develoument. ~~~ -- . 
A series of six strains of Drosophila melanogaster, (Oregon R, 
Canton S, BV1, DNase_11mh/ lmh , DNase_1n334/n334, DNase_1n324/n324) 
were cultured under identical conditions of humidity, temperature, 
and nutrients in order to compare the average duration of the life 
cycle for each strain. Based on comparisons in DNA-acrylamide gel 
assays (Boyd and Mitchell, 1965), Oregon R and Canton S labora-
tory strains have l'fhat ca.'} be considered as wild type amounts of 
DNase-1 activity. BV1 apparently has more DNase-1 activity at 
25°C (Detwiler a..n.d Naclntyre, 1978) than Canton S and Oregon R. 
DN 11mh/lmh d D~T 1n3J4 /n334 t' h I .l." t ase- an 1~ase- s ralns ave ow aC~lVl y, 
whereas DNase_1nJ24/n324 has virtually no DNase-1 activity. One-
day old females and males from each strain were placed in vials 
(6 males and 6 females per vial) and their offspring were allovred 
to develop at 25 ~1°C as described in Materials and Methods. 
The times at l'fhich the offspring reached each developmental stage 
were recorded and the results are shown in Table J.1. Observations 
were made at approximately the same time each day. Each reported 
value is the mean of the indicated number of separate determina-
tions; the values in parentheses are ranges. The results Ln.dicate 
that a significant decrease (nImh, n3Yr) or virtual absence (n324) 
Table 3.1 
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Time in days required to reach various developmental 
stages for the individuals from several strains of 
Droso~hila melanogaster. For each mean value the 
range of values for all determinations is indicated 
in parentheses. 
nwnber of 
strain determinations 1st instar 3rd instar 1st pupa 1st adult 10 adult,s/vi~J" 
Oregon R 6 2 . 0 C:!:O. 0 ) 4.6 (.:to.5) 6.4 (.:to .5) 9.Lr (::1.0) 11.8 (.:to .5) 
Canton S 6 2.0 (.:to.0) 4.8 (.:to .5) 6.2 (.:to.5) 11.0 (.:to .0) 12.0 (.:to .0) 
BV1 10 2.0 (.:to.5) ~·.8 (.:to .5) 6.8 (.:tl.5) 10.Lr (.:t 1. ° ) 12,2 (.:t1.5) 
lmh/lmh 18 2.0 (.:to .0) 5.0 (.:t1.0) 6.3 (+0.5) 11.0 (.::t1.5) 11.9 (.::to .5) 
n334/n334 
'i) 
3 3.0 (.:to.0) 5.0 (.:to .0) 6.0 (.:to .0) 10.0 (.::to .0) 12.0 (.:to .0) CD 
3241 324 n n 10 2.0 (.::to.0) LI·.8 (.::to.0) 6.6 (+0.5) 10.0 (.:t1.0) 12.2 (.::to .5) 
Table 3.1 
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of the DNase-1 gene product has no significant effect on the dura-
tion of the life cycle. The times required to reach the onset of 
the various stages are also quite similar in all strains, with 
the possible exception of the time of egg hatching in the n3J4 
strain. The small sample size for the n3J4 strain make the differ-
ence in hatching time of questionable significance, however. 
Since there is considerable evidence (King, 1970) that 
many macromolecular constituents of nurse cells including DNA are 
degraded and transported to developing oocytes, two experiments 
were designed to demonstrate possible effects of the absence of 
DNase-l activity on fecundity. The parameters of fecundity examined 
were: 1) the time of onset of egg laying in newly emerged females 
and 2) the rate of egg laying in 6-10 day old females. 
In order to determine the time s at Hhich egg laying begins, 
newly emerged males and females from three strains of flies: BV1, 
- n324/n324 n13 DNase-1 , and ~ ~ ,Acph-1 .Qy, v·rere maL.'1.tai.l1ed for 19 
hours on heavily yeasted media in vials. For each strain, five or 
six replicate vials vTere set up Hith five females and ten males 
per vial. After the initial feeding period the flies were then 
transferred to freshly yeasted vials at intervals of from six to 
twelve hours. The number of embryos oviposited in each vial was 
used to calculate cumulative numbers of embryos produced per 
female by the end of each collection interval. As can be seen 
i.11 Figure 3.2 the three strains differ with regard to the onset 
of egg laying. In addition, the rate of embryo production is 
Figure 3.2 
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Cumulative numbers of embryos produced per female 
from 28 to 70 hours after eclosion for three strains 
of Drosophila ~elanogaster. Vertical bars represent 
ranges of values. The genotypes of the three strains 
are described in Materials and Methods. 
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higher in the wild type BV1 strain than in the other two strains 
until about 50 hours after eclosion, when the three rates become 
I 
very similar. Females from both the DNase_1n324 strain and the strain 
from which is was derived by EMS mutagenesis (~~ Ac~h_1n13 bV) 
produce virtually no eggs for the first 32 hours after emergence 
and oviposit very few eggs, by comparison with BVi, until 44 hours. 
After 32 hours, cumulative egg production for the DNase_1n324 strain 
remains intermediate between those of the wild type strain and the 
mutagenized strain from which the DNase-1 null strain was derived. 
A second analysis of the fecundity of the three strains was 
made by comparing rates of egg production in 6-10 day old females. 
During this time wild type females typically e~~ibit maximum egg 
production (Ashburner and Thompson, 1978). For each strain 40 flies 
(20 females and 20 males, 0-4 days old) were placed L~to each of five 
heavily yeasted vials. On the third day flies were transferred to 
new heavily yeasted vials for three more days. On the sixth day 
flies were transferred without anaesthesia to egg laying chambers 
whieh were placed on the surface of the egg laying medium. New 
egg laying medi~m was substituted every two hours for five consecu-
tive egg collection periods. For each strain, the numbers of 
embryos on the media and the numbers of fe~~les recovered from 
the chambers were used to estimate egg output per female for each 
egg laying period in each of the chambers. Outputs for each strain 
were averaged first over the five collection periods and then over 
the five replicate laying chambers. Mean oviposition rates and 
10J 
their standard deviations are given for each strain in Table J.2. 
Rate of oviposition is similar for the BV1 wild ty~e strain and the 
mutagenized ~ ~ Acuh_1n1J bv strain, but is significantly greater 
in the DNase-1 nJ24 strain. Since the genetic backgrounds of 
the DNase_1nJ24 and ~ ~ ACEh_1n1J bv strains are different, the 
increased fecQ~dity of the DNase_1nJ24 strain cannot be causally 
associated with either the loss of acid DNase activity or the loss 
of third chromosome markers in the mutagenized stock. H01-TeVer 
the results do suggest that the loss of DNase-1 activity does not 
itself result LD a decrease in the rate of embryo production. 
Discussion 
DNase-1 activity is present during all stages of the life 
cycle of DrosoEhila melanogaster. The precise intracellular func-
tion of DNase-1 at any point in development can in principle be 
determined from a study of the phenotypic effects of null mutants. 
Several putative null mutants have been obtained but, thus far, 
all have ShOlffi slight activity on gels during the pupal stage 
suggesting that an "absolute" or non-leaky null has yet to be 
produced. HOviever, the results obtained above usL~g available 
mutants together with the developmental profile of DNase-l activity 
in 1-Tild type strains suggest several possible functions for DNase-l 
at various stages cf the life cycle. During early embryogenesis 
the embryo contains more maternally derived DNase-l gene product 
than that produced by the embryo itself (see Figure J.1). The gene 
product of the paternal allele however is present in embryos at 
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Table 3.2 Oviposition rate for three strains of Drosophila 
melanogaster. 
STRAIN RATE (embryo!hr.!individual) 
Number of 
Mean S.D. Determinations 
BV1 2.45 (.:t1.57) 25 
n 324 5.35 (.:t1.09) 25 
n13 ~ ~ Acph-1 bv 2.34 (.:to.53) 25 
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0-1 hours after fertilization suggesting that transcription of the 
paternal genome occurs almost immediately after fertilization 
takes place. To our knowledge, no other gene-enzyme system in 
Drosophila Sh01'fS activation of the paternal allele this early in 
development. Assuming that some time is required for transcrip-
tion, m-R~A processing, movement of the message to the cytoplasm, 
and translation of the message in ribosomes, transcription of the 
paternal allele probably commences almost immediately after entry 
of the sperm nucleus into the egg. 
\~hat function ( s) might DNase-l have during embryogenesis? 
Muckenthaler and Mahowald (1966) estimate that at least 36% of the 
oocyte's DNA is cytoplasmic but not mitochondrial. They suggest 
this may be a "storage" DNA necessary to provide precursors for 
the DNA synthesis accompanying the rapid nuclear proliferation in 
early embryogenesis. Possibly DNase-l is involved in the produc-
tion of these necleotide precursors. 
Duri.11g larval development, the activity of DNase-l increases 
with each in s tar , although the larval activity is not as great 
as that of pupal extracts. In this respect, the developmental 
profile of DNase-l activity as shown in Figure 3.1 exhibits some 
differences from that reported by Boyd (1969). His results suggest 
there is greater enzyme activity (in the presence of native DNA 
as a substrate) during larval development (87 hours after oviposi-
tion) than during pupation. This may be due to differences i.11 
the preparation of homogenates. Boyd (1969) prepared homogenates 
from unfrozen flies just prior to electrophoresis and centrifuged 
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at 75,000 x g for 15 minutes to remove debris. Our homogenates 
were prepared the day before the electrophoretic analysis and 
frozen overnight. We have found that freezing and thawing increases 
acid DNase activity. Prior to electrophoresis, our samples are 
spun for ten minutes at only 13,000 x g to remove debris. 
The developmental profile of DNase-1 suggests that it is parti-
cularly important during pupation. Studies of the distribution 
of DNase-1 under differing conditions of homogenization suggest 
that the hypotonic buffer in which the samples for the develop-
mental profile were prepared released virtually all of the DNase-1 
activity into the soluble fraction (Detwiler, 1979). Therefore 
the dramatic increase in DNase-1 activity observed in gels probably 
reflects an increased synthesis of DNase-1 during pupation and 
not merely an increase in the lability of pupal lysosomes. This 
increase in activity during pupation is similar to activity patterns 
observed for Drosophila acid phosphatase (Yasbin et al., 1978), 
~-galactosidase (D. Knipple, personal cc~munication), O(-fucosidase 
(Repp, 1977) and leucine amino peptidase (S~kai et al., 1969), 
all of which are mammalian lysosomal enzymes (Barret, 1972). 
Tnis general increase in the putative lysosomal enzyme activities 
together with the observation that lysosomes contain all the enzymes 
necessary to degrade nucleic acids to nucleosides (Bernardi, 1971) 
strongly suggests that the function of DNase-1 during pupation 
is the degradation of cellular DNA L~ tissues undergoing histolysis. 
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How critical to viability is the function of pupal DNase-1? 
The egg to adult developmental times for strains homozygous for two 
different null alleles at the DNase-1 locus (n334, n324) are not 
significantly longer than those of three wild type strains. It 
should be stressed that these strains are not coisogenic, and 
small differences in life cycle length would not be detected with 
our sampling system. The results do suggest, however, that the 
presence of null activity alleles at the DNase-1 locus does not 
significantly lengthen the life cycle as do, for example, the 
Minute mutations (Brehme, 1942). That is to say, the time required 
for pupation is not greatly affected by significant decreases 
in the amOQDt of DNase-1 activity. It is possible that very small 
amounts of DNase-1 or another acid DNase present in the null 
strains may be sufficient to allow development to continue at a 
normal rate. 
Insect lysosomal enzymes have been implicated in several 
"maintenance" functions within adult tissues (Lockshin, 1969), 
but the specific role of acid DNases has not been examined. As 
suggested above, one possible function of D~oso~hila DNase-1 in 
adult females may be the degradation of nurse cell DNA during 
oogenesis. One phenotype of the low activity mutant DNase-11mh 
(which is probably a DNase-1 allele) is an intense Feulgen-positive 
staining of nurse cell nuclei (J. Stone, personal communication), 
suggesting the presence of undegraded DNA which is not present LD 
wild type nurse cell nuclei. Although this observation provides 
some indirect evidence tl1..at DNase-1 functions during oogenesis in 
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Drosophila, homozygosity for a null allele at the DNase-l locus has no 
effect on fecundity in terms of either delay of the onset of ovi-
position, or the rate of oviposition itself. Despite the fact 
. n324 n13 that the three strams, BV1, DNase-l ,and 2~ Acph-l bv 
are not coisogenic, the comparisons between them argue that the 
rate of oviposition is certainly not decreased in the DNase_ln324 
strain. Al though the onset of fecundity in the DNase_ln324 strain 
is delayed relative to BV1, differences in the genetic backgrounds 
of the tested strains make it impossible to assign this effect 
to the absence of DNase-l activity. The most meaningful comparison, 
that between the DNase_ln324 strain and the strain mutagenized to 
produce it, involves genetic heterogeneity introduced in the 
cross scheme used to select the mutants. The onset of egg produc-
t "· ft . .l..h Di!\T In-324/n324 t . lon 1S sooner a er emergence 1n ~ e ~~ase- s ra1n 
than in the mutagenized strain. This may, therefore, be due either 
to the loss of the third chromosome markers or to the replacement 
of other unidentified genes of the mutagenized strain. Further 
comparisons between other DNase-l nulls and VTild t;y-pe strains 
must be made VTith coisogenic stocks in order to determine more 
precisely what effect the DNase-l locus might have on the L~ception 
of oviposition. 
Grell has determined (1976) that decreased DNase-1 activity 
10 in a DNase-l homozygote has no observable effect on recombination 
frequencies in Droso~hila melanogaster females, suggesth~g that 
the enzyme is not involved in the molecular aspects of meiotic 
recombination. 
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The results presented in this study together with other obser-
vations cited above suggest that the function of DNase-1 is primarily 
the degradation of cellular DNA. More precise identification of 
the function(s) of DNase-1 may be attained after the induction of 
a (perhaps temperature sensitive) non-leaky mutant or, perhaps, by 
quantitative histochemical analysis of the lysosomes of existing 
DNase-1 null strains. An analysis of the substrate specificities 
of DNase-1 will also be useful in determining more precisely its 
role in insect development. 
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PARTIAL PURIFICATION OF DNASE-1 FROM DROSOPHILA }mLANOGASTER 
This procedure was developed in order to isolate a~d purify 
DNase-1 from extracts of D. melanogaster pupae where it is found 
in relatively large amounts (Detwiler and MacIntyre, 1978). The 
assay for acid DNase activity has been described (Detwiler and 
MacIntyre, 1978). Protein was determined by the method of Lowry 
et al. (1951). 
--
Frozen pupae (10% w/v) were homogenized at OOC in H buffer 
(0.14 M NaCl, 0.02 M CaC12) using a 40 ml ground glass homogenizer 
(Ten Broek), such that no whole pupae remained. All further proce-
dures were carried out at 0-4°C. The homogenate i<Tas brought to 
pH 2.5 Hith 0.10 M H2S04 and stirred for ten minutes. The precipi-
tate was centrifuged at 27,000 x g for 15 mL~utes in an SS-J4 rotor 
of a Sorval RC-2B centrifuge, after which the pellet was discarded. 
Solid ammonium sulfate (Schwartz-Mann) was SlOHly added, Hith 
stirring, to 30% saturation (w/v). The precipitate Has centrifuged 
at 27,000 x g for 15 minutes and the pellet discarded. Solid 
ammoniui'll sulfate 1'iaS slowly added, with stirring, to 65% satura-
tion. After the ammonium sulfate was dissolved the precipitate 
was stirred for ten minutes, then centrifuged at 27,000 x g for 
15 minutes. The supernatant was discarded and the pellet was 
taken up in a fevT mls of A buffer (0.01 N ammonium acetate, pH 5.0), 
dialyzed overnight against three hundred volumes of A buffer, and 
centrifuged at 27,000 x g for 15 minutes to remove precipitated 
material. After centrifugation the supernatant Has passed seQuen-
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tially over an affinity column (DNA ECTEOLA-cellulose, Matsokis and 
Georgatsos, 1976) and then phosphocellulose (Oshima and Price, 1973). 
The column size (1 x 10 cm) described by Matsokis and Georgatsos 
is inade~uate for preparative amounts of material; a larger (2 x 15 cm) 
column re~uiring more ECTEOLA-cellulose and calf thymus DNA is neces-
sary. The phosphocellulose column was 1 x 10 cm. Both columns were 
equilibrated with acetate buffers (0.01 M and 0.2 M respectively). 
The DNA ECTEOLA-cellulose column }~s ~ashed with 0.01 M acetate until 
the absorbance at 280 nm was zero. DNase-1 was then eluted with 
0.01 M acetate, w"hich w-as 0.06 M NaCl (Figure 4.1) The phosphocellu-
lose column was washed with 0.9 M acetate buffer until the absor-
bance at 280 nm was zero. DNase-1 was then eluted Hi th a linear 
gradient from 0.9 M acetate buffer to 0.5 M acetate buffer Hith 0.2 !II 
Na2S04 (Oshima and Price, 1973). In test tube assays, acid DNase 
activity Has almost totally inhibited by 0.1 M Na2S04 and 50% inhibited 
by 0.5 M Na2S04 (DetHiler, unpublished observation). A last step 
which Has required ''/as c:bxomatog-.caphy of the sample over G-75 
Sephadex to remove low molecl~ar weight contaminants (Fi~~e 4.2). 
For Sephadex chromatography 1 ml samples of extra.ct from the ammonium 
sulfate step were dialyzed against 0.05 M phosphate buffer, pH 6.8., 
at OOC and applied to a 1 x 40 cm column of Sephadex G-75 equili-
brated with the same buffer. Flow rate was 6 ml/hr; 1.5 ml fractions 
were collected. 
The degree of purification achieved at each step is given Ln. 
Table 4.1. The degree of purification was not determined for elution 
Figure 4.1 
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Elution profile of acid DNase activity from DNA 
ECTEOLA-cellulose. Protein 1~S determined by absorb-
ance of fractions at 280 nm. DNase activity was eluted 
with 0.06 M NaCl at position indicated by the arrow. 
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Figure 4.2 
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Elution profile of acid DNase activity from Sephadex 
G-75. Protein was determined by the LOYITY et al. 
(1951) method. 
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Table 4.1 Partial plLTification of acid DNase from D. melanogaster. 
Total Total Total Specific 
PL~~:fiQa,:t,-i()~ St~]! Volume (ml) Units* 
---
Yield (%l PrQ te i~_.l]!lgl Activity Purification 
Crude extract 35·5 653.2 100 35·50 18 .L~ 0 
Acid precipitation 36.0 (61+.8)** 20.80 ------
Salt precipitation 4.2 564.5 86 1.09 258.9 14,.1 
DNA affinity 12.0 338.9 52 0.27 1254·8 68.2 
* 1 lmit == the amolmt of enzyme liberating PCA soluble oligonucleotides sufficient to give a 
corrected value of A260 = 1.00 at 37°C after 20 minutes. 
**activity after dialysis in H buffer was 1/10 that of the crude extract; activity is regained 
during the salt precipitation step. 
f->. 
tv 
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of the extract from phosphocellulose. Figure 4.1 shows the elution 
profile of DNase activity from the DNA affinity column. Figure 4.2 
shows a Sephadex G-75 elution profile of DNase activity from an 
extract that was purified as far as the salt precipitation step. 
Peak activity fractions from the Sephadex colUJIlIl and from the DNA 
affinity collli~ were subjected to electrophoresis in SDS-acrylamide 
gels as described by Laemmli (1970). Samples from the DNA affinity 
column exhibit 4-5 major bands in a region of the SDS gel corresponding 
to molecular I'Teights of between 30,000 and 50,000. Two of these 
bands (indicated by arr01'l"S in Figure 4.3) have molecular weights of 
38,000-40,000, determined by comparisons in gels with samples of 
bovine serum albumin, ca talase, oval bllillin, trypsin , hemoglobin, lyso-
zyme and cytochrome c. The bands are close together and darker 
than all other bands in the vicinity. The molecular weights of 
these proteLns are quite similar to the molecular weights of a 
variety of acid DNases from calf thymus, porcine spleen (MW = )8,000) 
and human gastric mucosal tissue (MW = 38,000) (Kowalski and Laskowski, 
1976). Also, two electrophoretically distLnct forms of DNase-1 
occur in the pupae used in this purification (Detwiler and filacInty-..ce, 
1978). If these forms differ slightly in size, they could correspond 
to the two bands Lndicated in the SDS gels. It should be noted 
that sa~ples from the Sephadex G-75 peak exhibit the same two bands 
with less contamination due to higher molecular weight subs~ances 
(Detwiler, unpublished obse~ration). The major obstacle to further 
purification is a class of low molecular I'reight con taminan ts 1 seen 
Figure 4.3 
122 
SDS acrylamide gel showing position of bands correspond-
ing to major acid DNase activity. Pockets 1, 2 are 
aliquots from the pooled DNA affinity peak. Pockets 
3, 4 are aliquots from the ammonium sulfate precipitate. 
Pockets 5, 6 are synthetic molecular weight markers. 
(BDH Chemicals Ltd.) (N) = momomer, NW: 14,300; 
(D) = dimer, NW: 28,600; (T) = trimer, MW: 42,900. 

on SDS gels, which are not separable from acid DNase activity by a 
gel filtration step. The contaminants may be proteolytic fragments 
or glycoproteins. Because fragments are present after gel filtration 
and SDS sample preparation under conditions which are inhibitory 
to most proteolytic activity (2 nM PMSF, 0.24 ug/ml Pepstatin; pre-
heating of SDS sample buffer), it is questionable whether proteolysis 
is the cause of the contaminants. 
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A GENETIC AHD DEVELOP~lliNTAL ANALYSIS OF DNASE-1, ~W ACID DEOXYRIBO-
NUCLEASE OF DROSOPHILA MELANOGASTER. 
Charles Roger Detwiler, Ph.D. 
Cornell University 1979 
A study was undertaken to characterize an acid deoxyribonuclease 
in Drosophila melanogaster called DNase-1, which is maximally active 
at pH 4.8 in the presence of EDTA. The structural gene for the 
enzyme was located genetically between bx and sr at 61.8 on the third 
chromosome. Cytogenetically, the DNase-1 locus was located within a 
5-10 band interval behreen 90C2 and 90E on the salivary gland chro-
mosome map. The cytogenetic localization utilized crosses between 
electrophoretic variants and a series of Y-autosome translocations. 
These translocation strains were also used to define a region on 
the left arm of the third chromosome (67C-70C) for which duplications 
resulted in an increase LYl DNase-1 activity. The increase was not 
allele-specific. A screen ,'laS d.esigned utilizing a deficiency 
contaLYling the DNase-1 locus to recover null activity mutants. 
From 1143 EMS mutagenized chromosomes, eight null activity variants 
were recovered. Four of the null mutants in homozygous condition 
are completely viable and fertile. 
The subcellular location of the DNase-1 gene product in embry-
onic tissue, USLYlg a wild type strain and the homozygous null 
~··t t . DN 1n324 . ac ul Vl y S ram 1 ase- _ ,was determned. The majority of total 
acid DNase ~~d DNase-1 activity is fOQYld in the small particulate 
fraction of tissue homogenates fractionated by differential centri-
fugation. The activity exhibits latency in these extracts indicating 
that it is membrane delimited. DNase-1 activity also coequilibrates 
in sucrose density gradients with acid phosphatase activity which, 
in Drosophila, is known to be lysosomal. These results suggest 
that DNase-1 is localized largely within the lysosomes of embryonic 
tissue. Functional implications of a lysosomal location for DNase-1 
are discussed. 
The developmental profile of DNase-1 activity has been ru1alyzed 
in DNA-acrylamide gels. DNase-1 is present in all stages of the 
life cycle, and in embryos exhibits the maternal effect observed in 
several other Droso~hi~ gene-enzyme systems. Its activity is most 
prominent during the pupal stage suggestL~g its L~volvement in 
tissue histolysis during pupation. UsL~g staged embryos from a 
cross between homozygous null mutant females and ~nld type males, 
it was determined that the embryonic genome begins functioning 
between 0 and 1 hotrr after fertilization. Developmental and 
fecundity stUdies usL~g a strain homozygous for the null activity 
allele DNase_lnJ24 , suggest that null activity mutations have no 
significant effect on the length of the life cycle or on the rate 
of egg production. 
DNase-1 has been partially purified from extracts of pupae. 
The purification consists of an acid precipitation followed by 
precipitation with ammonilliil sulfate. The resultant crude extract 
is passed over a DNA ECTEOLA-cellulose affinity column. A 70 fold 
purification has been achieved with a 52% yield. 
